Some studies on the low molecular weight RNA components of mammalian cells by Clason, Alexander E
 
 
 
 
 
 
 
https://theses.gla.ac.uk/ 
 
 
 
 
Theses Digitisation: 
https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 
This is a digitised version of the original print thesis. 
 
 
 
 
 
 
 
 
Copyright and moral rights for this work are retained by the author 
 
A copy can be downloaded for personal non-commercial research or study, 
without prior permission or charge 
 
This work cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the author 
 
When referring to this work, full bibliographic details including the author, 
title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 
 
Enlighten: Theses 
https://theses.gla.ac.uk/ 
research-enlighten@glasgow.ac.uk 
SOME STUDIES ON THE LOW MOLECULAR WEIGHT 
RNA COMPONENTS OF MAMMALIAN CELLS
Alexander E* Clason, B.Sc.
Thesis presented for the degree of 
Doctor of Philosophy 
at the University of Glasgow, August 1971
ProQuest Number: 10662343
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10662343
Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
I wish to thank Professor J.N.Davidson, G.B.E., F.R.S 
and Professor R.M.S. Smellie for providing the facilities 
to conduct this research. I am most indebted to Dr.
R.H. Burdon for his unending patience and helpful 
instruction throughout the period during which this 
investigation was performed. To the many members of the 
Biochemistry Department, The University of Glasgow, who 
have given of their time in many stimulating discussions
I express my:igratitude. I also thank my wife for her 
patience and understanding during the period of this research 
a.nd also for typing the manuscript. Thanks are also due 
to : the staff of the Tissue Culture Unit for the maintenance 
and propagation of the cell cultures.
I gratefully acknowledge the receipt of a Science Research 
Council Studentship for the entire duration of this work.
Abbreviations
These are as laid down in the Instructions to Authors, 
of the Biochemical Journal, with the following 
additions:-
BSS Balanced salt solution
SSG Standard saline citrate (0.15M-NaCl,0.015M \
sodium citrate, pH 7.0
SDS-u3 Sodium dodecyl sulphate
RNase Ribonuclease
BHK-21 BHK-21/G13, Baby hamster kidney cells, clone 13
PPLO Pleuropneumonia-like organisms.
pre-tRNA Transfer RNA precursor RNA.
GOMTENTS
Page
Title i
Acknowledgement 8 ii
Abbreviations iii
Contents iv
INTRODUCTION
1. General
1.1 The unilateral nature of biological systems 1.
1.2 The macroniolecular components of life processes 3.
2. The RNA of Prokaryotic and'Eukaryotic cells 5.
....  ■    - ■ —  m—   —   —  - ........................... — -i-nr-M.ir ■ I ■■ im.w,.,,, ,% *. . i^M^rwr r». ^
2.1 The diversity of RNA species 5.
2.2 Ribosomal Rl'îA 5*
2.2.1 Biogenesis of Ribosomal RNA 6.
2.2.1.1 High molecular weight rRNA of eukaryotes 6,
Méthylation of rRNA and content of non- 
ribosomal sequences 9*
The ribosomal RNA transcription unit in 
eukaryotes 12.
2.2.1.2 High molecular weight rRNA in prokaryotes 14.
2.2.2 Bow molecular weight Ribosomal RNA 18.
2.2.2.1 5s RNA 18.
Synthesis of 5s RNA in eukaryotes 19.
Synthesis of 5s RNA in prokaryotes 20.
2.2.2.2 7s RNA 23.
2.3 Transfer RNA 25.
2.3.1 Structure of transfer RNA ' 25»
2.3.2 Biogenesis of transfer RNA 29.
tRNA biogenesis in eukaryotes 30.
tRNA biogenesis in prokaryotes ; 34.
2.3.3 Content of modified nucleosides and their 
function 36.
2.3.3.1 Hypermodified nucleosides 37.
2.3.3.2 Methylated nucleosides 39.
2.3.3.3 Thionucleotides,Inosine,Pscudouracil
and Dihydrouracil1 40.
2.4 Messenger RNA 41.
eukaryotic cells 43.
prokaryotic cells 47.
2.5 Nuclear RNA 48.
2.511 Heterogeneous Nuclear I^NA(HnRNA) 48.
2.5.1.1 Heterogeneous nuclear RNA- its relation­
ship to messenger RNA 52.
2.5.2 Chromosomal RNA 55.
2.5.3 Low molecular weight monodisperse RNAs
of the nucleus ' 56.
2.6 Mitochondrial RNA(mit-RNA) 57.
2.6.1 Mitochondrial ribosomal RNA(iuit-r-RNA) 58.
2.6.2 Mitochondrial tRNA(mit-tRNA) 60.
2.6.3 Mitochondrial messenger RNA(mit-mRNA) 61.
3. Regulation of RNA synthesis 62.
    u  I . I 1- ' ■ - r I I- - - - - - - — . . . . . . . . . . .  - • - - - - - - - - - - - - r • I If I im  I.Ill i M  II —  - - - —  1— - - - T~î
3.1 Gene masking 62.
3.2 Gene dosage 65.
3.3 Regulation by RNA polymerase 66.
3.4 The structural organisation of gene
regulation in higher cells 68.
3.5 Regulation of RNA synthesis in relation
to growth. 72.
MATERIALS & METHODS 
Ma terials
A. Biological 76.
B. Chemical 77.
M ethods
A. Biological 82.
1.Cell culture systems 82.
2.Harvesting of cells from experimental cultures 84.
3.Cell synchronisation procedures 85*
(a) Aminopterin induced synchrony 85*.
(b) Thymidine induced synchrony 86.
4.Assay of synchrony 86.
5.Autoradiography 87.
B . Biochemical
1.Purification of bentonite 88.
2.Purification of Macaloid 89.
3.Preparation of subcellular fractions 89*
(a) Nuclei 89.
(b) Nucleoli and nucleoplasm 90.
(c) Cytoplasmic components 91»
(d) Polysomes 92.
(e) Ribosomes 93.
4.RNA isolation 94.
(a) Glassware and solutions 94»
(a') Cold phenol technique 95»
(b) Hot-phenol-SDS technique 96.
5.RNA fractionation 97.
(a) Gel filtration studies 97.
(b) Polyacrylamide gel electrophoresis 98.
(Id) Assay of radioactivity in polyacrylamide
gel slices 102»
(c) Sucrose gradient analyses 103»
6cCsCl centrifugation 104.
(a) Equilibrium centrifugation 104.
(b) On preformed gradients 104»
7»Estimation of radioactivity in aqueous ' ' :■
fractions from gradients or gel filtration 105#
8.Nucleotide composition of RNA samples 105»
(2) Elution of RNA from gel slices 106.
(3) Hydrolysis of RNA samples 106.
(4) High voltage electrophoresis of hydro­
lysates 106.
RESULTS
tlï.l Low molecular weight RNA content of
different fractions of mammalian cells 108*
111.2 Synthesis of low molecular weight RNA
of the cytoplasm 113.
111.3 Comparison of long and short exposures
to isotope > 117.
III»4 Méthylation of low molecular weight RNA
of the cytoplasm 119.
111.5 Base composition of the cytoplasmic RNA 123.
111.6 Intracellular location of cytoplasmic
low molecular weight RNA components 124.
III.7. Effect of actinomycin D 126.
111.9 Stability of low molecular weight RNA
of the cytoplasm to actinomycin I) chase 130,
111.10 Metabolic stability of rRNA in BHK-21 cells 133.
111.11 Metabolic stability of low molecular ■ e
weight cytoplasmic RNA 136.
111.12 Effect of ethidium bromide and low levels
of actinomycin D on the synthesis of low 
moleculsr weight RNA of the cytoplasm 140,
111.13 Effect of ethidium bromide on the 
actinomycin D sensitive low molecular
weight cytoplasmic RNAs 146.
111.14 Effect of ethidium bromide on pre-tRNA
synthesis in mammalian cells 148.
111.15 Polyribosome association of low molecular
weight cytoplasmic RNAs 151.
Ill116 Effect of EDTA on the polyribosome assoc­
iation of low molecular weight cytoplasmic 
RNAs 158,
111.17 Nature of the EDTA-released, polyribosome
associated RNA 160,
111.18 Determination of the buoyant densities
of ribosomal subunits in BHK-21/C13 colls 163.
III.ig Kinetics of appearance in the cytoplasm
of newly synthesised ribosomal subunits. 166.
111.20 Effect of puromycin on the synthesis of 
low molecular weight RNA components of
the cytoplasm 169.
111.21 Effect of cordycepin on the synthesis of 
low molecular weight RNA components of the 
cytoplasm 171.
111.22 Synthesis of low molecular weight RNA 
components of the cytoplasm in relation
to the cell cycle 173.
111.23 Effect oof toyocsmycin on the synthesis
of low molecular weight cytoplasmic RNA 177.
111.24 Effects of (X-amsnitin on the synthesis
of RNA in BHK-21 cells 180.
111.25 Low molecular weight RNA components of
the nucleus 188.
111.26 Méthylation of low molecular weight RNA 
components of the nucleus 189.
111.27 Synthesis of low molecular weight RNA
'components of the nucleus in relation to 
the cell cycle ‘ 191.
DISCUSSION
(1) Low molecular weight RNAs of the nucleus .199.
(2) Low molecular weight RNA of the cytoplasm 207.
(1) Molecular characteristics 207.
(2) Intracellular location and origin of
low molecular weight RNAs 212.
(3) Stability of low molecular weight RNA 215.
(4) Polyribosome association 217.
(5) The cell growth cycle and inhibitor - : . I 
studies 224.
CONCLUSIONS 228.
SUMMARY 229.
REFERENCES 234.
INTRODUCTION
INTRODUCTION
I é Generpl
1.1. The, Unilpterni N p t u of biologicrl systems 
Three major systems of thought hpve stressed the unilr tersl 
nature of biologicFl systems; Cohlèiden & Schwann (1838), 
emphssised that ell living matter is composed of units 
cplled cells, each with individual yet common characteristics; 
Darwin (1858) proposed a theory of evolution whereby the 
diversity of living forms could have developed by the 
modification of a common ancestor; Mendel (1866) provided 
by his laws of heredity, a general mechanism by which 
combination and resegregation of genetic units of organisms 
within any species could give rise to the transmission of 
characteristics inherited from evolutionary development.
All living matter is therefore composed of cellular units 
which are themselves the smallest units of living material 
capable of an independent existence and which possess 
varying degrees of individuality. The recent advent of 
electron microscopy ha^ s delineated two distinct cell types; 
the nrokaryotic system and a more complex eukaryotic system. 
The prokaryotes lack the nuclear organisation of the eukaryote 
and show an absence of such subcellular organelles as 
mitochondria, golgi apparatus and endopla:smic reticulum 
although the functions carried out by these organells in
Schematic diagram of a prokaryotic and a eukaryotic cell. 
Fig I.l
c. •
cytffiplasmic"space
a)
— rigid cell wallribosomea-
cell membrane
nucleoidsme s os ome s
The prokaryotic cell
(b)
mitochondrion
nuclear
membrane
free ribosome
golgi apparatus
hloroplast(plant
nuclear pore 
nucleolus
plasma membrane
nucleus
endoplasmic reticulum
The eukaryotic cell
eukaryotes a.ppeer to be performed in prokaryotes by involutio 
of the plasma membrane (mesosomes) and this absence may there 
fore simply reflect the evolutionary process by which 
eukaryotes have.arisen. Although a degree of individuality 
is conferred to the cellular units by these distinguishing 
features, it is yet true that there exists a great deal 
of similarity in the nature of their basic "machinery of 
life", for they appear to store and duplicate their genetic 
information in the same manner and to express the information 
encoded therein by identical or similar mechanisms. lor 
reference both types of cell system are shown dia.gra.maÿically 
in Fig,1.1 (a) and (b),
1.2. The.macromolecular comnonents of life processes 
Organisms owe their existence to a process of information 
transfer from one generation to another. Biochemical 
investigations of the molecular "make-up" of the machinery 
of living processes have revealed that proteins and nucleic 
acids contribute approximately SOfo of the dry weight of 
most cells and that the nucleic acid fraction can be further 
subdivided into two distinct but relr-ted parts, namely BNA 
(desoxyribonucleic acid) and RNA (ribonucleic acid).
Although rapid advances concerning the chemical nature and 
histological location of the nucleic acids w^ere made, it 
was not until about 1940 that the identification of DNA as
a transforming factor in bacteria suggested its role as the 
carrier of genetic information (Avery, NcLeod and McCarty, 
1944). The intensive chemical and physical studies on the 
structure of DNA culminated in perhaps one of the most 
striking proposals of molecular biology; the double helical 
structure of DNA (Watson & Crick, 1953). This structure 
immediately offered an explanation of the mode of-replication 
of DNA and its suitability as the genetic material.' Early 
cytochemical observations on cells actively engaged in the 
synthesis of proteins for secretion (Caspersson & Brachet, 195< 
had suggested a role for RNA in protein synthesis, and in vit: 
studies confirmed this suspicion (Spiegelraan, 1957), finally 
leading to the proposal by Crick, (1958) of the "central 
dogma of molecular biology". This proposal suggested a flow 
of information, in the form of RNA molecules, from the 
genome to the sites of protein synthesis where they directed 
the assembly of amino acids to form proteins. Confirmation 
of this hypothesis was obtained in 1961 by the isolation of 
a "messenger RNA" template in prokaryotic cells (Ja^cob & 
Monod, 1961). Hov/ever investigations over the last decade 
have indicated that despite this most of the RNA present in 
eukaryotic and prokaryotic cells has no template function 
in protein synthesis.
p. The RNA of Prokaryotic & Eukaryotic cells
2.1. The Diversity of KNA Duecies
Eukaryotic end prokaryotic cells contain a wide variety of 
RNA molecules of varying size and chain length whose
A 5
molecular weights range from 2.5 x 10 to 4 x 10 daltons 
and greater, and considerable effort has been invested in the 
elucidation not only of the mechanisms whereby these molecules 
are synthesised but also how they participate in the. synthesis 
of proteins in these cells. These studies have indicated 
that although many RNA molecules arise as a result of 
direct transcription, certain species whose existence is 
transitory, may represent intermediates in a sequence of 
maturation events leading to mature, well chrracterised RNA 
molecules found in both euka.ryotic and prokaryotic cells.
2.2. Ribsomal RNA
Ribosomes, ribonucleoprotein particles found ubiquitously 
in prokaryotic and eukaryotic cells, and which consist of 
approximately 50fo RNA and 50i protein, are integral components 
of the protein synthesising machinery in both types of cells. 
They consist of two subunits, one large and one small.
There is now a considerable body of experimental evidence 
pointing to the existence of two classes of ribosomes in 
living cells, one form, wath a sedimentstion coefficient 
of approximately 70s and composed of 50s and 50s subunits
u 0
is present in prokaryotes and in some eukaryotic organelles 
(mitochondria and chloroplnsts) and another, with a 
sedimentc?tion coe^fficient of approximately 80s, and composed 
of 60s and 40s subunits, is found exclusively in eukaryotic 
cells. Ribosomes from prokaryotic and eukaryotic cells 
are characterised by their possession of three types of RNA 
species (Osawa, 1968), two high molecular weight species, 
one pertaining to the large subunit and one to the small sub­
unit, and a species of low moleculrr weight, called 5sRNA on 
the basis of its sedimentation behaviour, which is associated 
with the larger ribosomal subunit. ' In addition the ribosomej 
of many eukaryotic cells have a "7s" RNA species attached by 
hydrogen bonding to the high molecular weight RNA species of 
the larger subunit (Pene, Knight & Darnell, 1968).
?• ?. i.. biogenesis of Ribosomal RKA
The biogenesis of ribosomal RNA (rRNA) has been perhaps the 
most widely studied area, of RNA metabolism in eukaryotic cell; 
The processes leading to the formation of mature high molecul; 
weight rRNA species in both eukaryotic and prokaryotic cells 
involve transcription followed by secondary modification of 
the nascent molecules.
2. ?. 1.1 high molecular w^ eight ribosomal RNA in eukrryo tic cel!
li’s.rly cytochemical and autoradiographic evidence for the 
nucleolar location of rRNA cistrons in eukrryotic cells was
Y.
confirmed by the observations of Perry,(Perry,1962,1964) 
that low doses of the drug actinomycin D, while inhibiting 
the appearance of rRNA in the cytoplasm, blocked the synthesis 
of nucleolar RNA as judged by autoradiography. The more 
recent studies of nucleolar function in ribosome formation 
have largely been as a result of improved cell fractionation 
technic,|ues(Penman, Smith & Holtzman, 1966) but direct evidence 
as to the location of rRNA genes comes from the demonstration 
that anucleolate mutants of the clewed toad,, Xenonus laevis ^ 
which lack the ability to form nucleoli also lack the ability 
to synthesise rRNA(Brown & Gurdon,I964). The biochemical 
synthesis of rRNA was first examined in Hela and L cells by 
Perry(Perry,1964) and in most eukaryotic cells the two species 
of high molecular weight rRNA appear to..be derived,.by a non- 
conservative maturation process,from a single unique precursor 
molecule containing the sequences of both the larger and small 
high molecular weight rRNA species together with some non- 
ribosomal sequences destined to be degraded. When Hela cells 
are exposed to isotopically labelled RNA precursors, such as 
[^nj-uridine, for varying lengths of time, radioactivity first 
appears intwo classes of rapidly sedimenting RNA species 
associated with the nuclei. The first of these, characterise 
by its rapid turnover and heterogeneous distribution on sucros 
gradients (20s-80s) is called "heterogeneous nuclear RNA"
o(Scherrer,Latham & Darnell,1965, Attardi, Parnas, Hwang & 
Attardi, 1966, Warner, Girard, Latham & Darnell,1966(a), 
Warner, Soiero, Birnhoim, 5b Darnell, 1966( b) ) and will be 
discussed later. The second class of rapidly labelled RNA, 
on sucrose gradients sediments in a homogeneous fashion with 
a sedimentstion coefficient of approximately 45s,(Scherrer 
et al,1965, Scherrer & Darnell, 1962) and is confined to the 
nucleolus. As the time of exposure to isotope increases, 
radioactivity appears progressively in a 52s RNA molecule 
confined to the nucleus and in an 18s RNA molecule which is. 
rapidly transported to the cytoplasm, and finally in a 28s 
RNA molecule which appears firstly in the nucleoplasm and 
later in the cytoplasm (Penman,1966, Penman £t al,i960).
When cultures of Hela cells are exposed to isotope for a 
short time and all further RNA synthesis then blocked by 
treatment of the cultures with actinomycin D, the radioactivit 
first associated wâth the 45s Rj4A molecule disappears from it 
and appears progressively in RNA species sedimenting at 52s 
and 18s(Girard, Penmen & Dsrnell,I964), These kinetic and 
pulse-chase data together with the observation that the base 
composition of 45s RNA is distinct from that of the cellular 
DNA and similar to that of rRNA (Scherrer ejb 1965,
Soiero, Birnboim & Darnell,I966) point strongly to its role as 
a rRNA precursor molecule. Polyacrylamide gel electrophoresi
of Hela cell nucleolar RNA (Weinberg, Loening, Willems & 
Penmen, 1967) revealed in addition to 45s, 32s, 28s and 
18s RNA, minor components corresponding to 41s, 36s, 24s 
and 20s. After poliovirus infection of these cells, which 
was shown to interfere with normal nucleolar processing 
(Weinberg et al, 1967), these minor species were found to 
accumulate. Elegant analyses of these components, after 
poliovirus infection of Hela cells, by Weinberg & Penman 
(1970) has led to the scheme of maturation of 45a rRNA 
precursor represented, in Pig 1.2. The accuracy of this 
maturation scheme has been confirmed by nucleotide composition 
analyses (Wagner, Penman & Ingram, 1967, Willems, Wagner,
Laing & Penman, 1968, Amaldi &, Attardi, 1968), by 
hybridisation data (Attardi, 1969) and recently by finger­
printing of RNase digests:of intermediates in the 
maturation process (Salim, Williamson & Maden, 1970). 
Méthylation of ribosomal RNA and content of non-ribosomal 
senuences
The ribosomal RNA from different organisms displays not 
only size differences but also a wide range of base compositio 
(Maden, 1970) but a characteristic feature of rRNA in both 
eukaryotic and prokaryotic cells is its high content of 
methylated nucleotides (Fellner & Sanger, 1968, Fellner, 1969, 
Wagner ajL» 1967). In the prokaryotes the majority of
1 0 .
these methyl groups are present on the vsrious bases with a 
few existing as 2'“0-methylribose (Fellner, 1969) but in 
eukaryotes at least 80% of the methyl groups occur as 
2'-0-methylribose (Wagner £t _al, 1967, brown & Attardi,
1965, Burdon, 1967, lane & Tamaoki, 1969)* The chemical 
effects of 2 '-O-methylation are to render the adjacent 
phosphodiester bond resistant to alkali and nuclease 
treatment and it is therefore tempting to suggest that such 
méthylation serves a protective function in vivo. Méthylation
IV J............................................................................... ... I - , V
of rRNA occurs at the level of the 45e precursor (Greenberg 
& Penman, 1966, Burdon, 1967) and is an early event in the 
synthesis of this molecule since treatment of cultures with 
actinomycin D for 5 min prior to the addition of methyl label 
prevents the subseouent incorporation of methyl groups 
(Burdon, 196V, Zimmerman & Holley, 1967). Only one methyl 
group is added subsequent to the synthesis of the 45e RNA 
molecule (Zimmerman, 1968).
Base composition studies (Amaldi % Attardi, 1968) indicated 
that 45s and 32s RNA possessed a significantly higher (G u) 
content than 28s or 18s RNA and it has been observed that 
in the multistep maturation of 4 5s rRNA precursor molecules 
(r-preRNA) to the mature 28s and IBs rRNA there is a 
progressive increase in the relative level of méthylation 
(Weinberg e_t ajL, 1967, Weinberg & Penman, 1970). It is
Scheme, of the, ma-turatlon. of __riboaomal_IHiA_ln, •
Pig.I.2
A.... 45s 4.1 X 10^
41s 3.1 X 10
degraded
52s 2.1 X 10^ J \ 20s 0.95 x 10,^
 4AA/\^   ■— — /y\/y-".— -—— ~
28s 1.65 XÏÎ0 f f " IBs 0.65 X 10
,6
"78" 6
0.04 X 10°
8 4 ï S l 8 a
Scheme reproduced from Weinberg & Penman (1970)*
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therefore apparent that 45s rRNA contains ( OC) rich non- 
ribosomal sequences which in the course of maturation ere 
lost and probably degraded. Various workers have shown 
that these non-ribosomal sequences contribute as much as 
45?^ ~ 50/^  of the polynucleotide seouences of the 45s RNA 
molecule (A m a l d i A t t a r d i ,  1968, Jcanteur, Amaldi & Attardi 
1968, Attardi, 1969).
The ribosomal RNA transcrintion unit in eukaryotes 
Much of the above data concerning the maturation events 
leading to mature cytoplasmic rRNA species has been 
gained from studies with Hela cells but RNA possessing 
properties of a. rRNA precursor has been identified in a 
wide variety of mammalian cells, where the process of 
maturation appears to be identical {Yoshika.wa-Fukada 
Pukada & Kawade, 1965, Burdon, 1965, 1967, Murama.tsu &
Busch, 1967, Torelli, Henry & Weissman, 1968). r-preRNAs 
have also been examined in plants (Leaver & Key,. 1970, Rogers, 
Loening & Fraser, 1970) and in lower eukaryotes (Rae, 1970, 
Greenberg, 1969, Fdstrom & Daneholt, 1967, Hughes & Kafatos, 
1970). The maturation sequences in these lower organisms 
are similar to that of the higher organisms although the 
molecular weights, of the transcriptional units and the 
intermediates vary as does the content of non-ribosomal 
sequences, (Perry, Cheng, Freed, Greenberg, Kelley &
13*
Table I.l Species variation in the rRNA transcription unit
-6
Species origin Mol. Wt x 10 ^ of transcription
gene prod. rRNA conserved
Mouse 4.19 2.35 44
Potoroo (Marsupial)4.19 2.35 44
Chicken 3.92 2.24 43
Iguana 2.74 2.13 22
Prog 2.76 2.19 21
Trout 2.70 2.20 19
Drosophila 2.85 2.05 28
Tobacco 2.76 1.95 29
Data in this table was taken from Perry ^  al(1970)«
14.
Ts.rtoff, 1970). In higher organisms the primary trgnacrip- 
tion unit (45s r-preRNA) has a molecular weight of approxim­
ately 4.1 X 10^ daltons and in plants and lower organisms of
2.7 - 2.8 X 10^ daltons, reflecting the higher content 
of non-ribosomal seouences in higher organisms. Similar 
observations are made for the other intermediates of the 
maturation processes. rRNA processing at various evolut­
ionary levels is reflected in the data presented in Table I.
2.2.1.2. High molecular weight ribosomal RNA in prokaryo tic 
cells
The rRNA components of prokaryotic cells have been identified 
as single polynucleotide chains (Stanley & Bock, 1965) of 
sedimentation values 25s (from the larger 50s subunit) and 
I6s (from the smaller 30s subunit) by Kurland (I960). These 
molecules show little variation in base composition even 
when isolated from a variety of different snecies (Midgely, 
1962). In addition to the 4 major bases these RNA 
molecules, like their eukaryotic counterparts contain 
methylated nucleotides and the minor nucleoside V 
(pseudouridine), but 80^ - 90% of the methyl groups are 
present on the bases and only a few occur as 2*-0- 
methylribose (Fellner & Sanger, I968) in contrast to the 
situation in eukaryotes. In an exponentially growing 
culture of E.coli ecual numbers of l6s end 23s RNA chains
15.
are synthesised per unit time (Adesnik & Levinthsl, 1969) 
and since tliere exists the seme number of gene copies for 
23b and l6s RNA (Smith Dubnau, Moroll & Marmur, 1968,
Yanofski & Speigelmen, 1962) Mengiarotti,.Acirion, Schlessingei 
& Silengo (1968) have suggested that in E.coli a'23s RNA 
molecule may be assembled from two halves of similar size.
This possibility is given further support by the observations 
of Fellner & Sanger (1968) that the major methylated 
nucleotides occur twice in R.coli 23s RNA. Although in 
bacteria there is no entity corresponding to the ribosomal 
transcription unit of eukaryotes, recent evidence (Adesnik 
à Levinthal, 1969) suggest that the two species of rRNA 
are each transcribed as slightly larger though separate 
molecules which are then processed to the mature rRNA species* 
The existence of macromolecular precursors to bacterial rRNA 
was suggested by the accumulation, in cells in which 
protein synthesis had been inhibited by chloramphenicol, of 
abnormal rRNA of higher sedimentation coefficient and 
contained in ribonucleoorotein particles referred to as 
CM particles (J)ubin & Klkort, 1964, McConkey & Dubin, 1965, 
Cypherd. & Fans ter, 1967). Much of this accumulated RNA 
was incorporrted into mature ribosomal subunits when the 
block on protein synthesis was removea (Qsawa, 1965,
Nomura <% Hosokawa, 1965, Nakada, Anderson & Magasanik,
■ 16.
1964)o Such CM particles sedimented in sucrose gradients 
at ?Ps, P6s, 30s and 40s end were thought to be intermediates 
in ribosome assembly since tVie 23s and ?6s particles 
contained undermethylated 17s RISA and the 30s and 40s 
particles contained undermethylated 23s RNA. Furthermore 
"labelled'* RNA extracted from such particles competed 
in hybridisation experiments with mature 23s and l6s RNA 
of the ribosomes and the particles also contained ribosome1 
proteins (Mangiarotti et al, 1968). Recently Lewandowski 
& Brownstein (1969) have identified, in a mutant of E.coli 
a 43s ribonucleoprotein particle poseesing some ribosoinal 
protein and 23s RNA and which aupears to be a precursor 
stage in 50s ribosomal subunit assembly. Polyacrylamide 
gel electrophoresis of pulse labelled RNA from B.subtilis, 
by Hecht & Woese (1968) has demonstrated slower migrating 
species to 23^ 9 end l6s RNA and the kinetics of labelling of
these, components compared to that of mature 16s and 23s RNA
is consistent with a precursor role for these slower 
migrating species. Similar experiments by Adesnik & 
Levinthol (I969) in E .coli confirm this and suggest one or
possibly tw^ o precursors to 16s RNA with one detectable
precursor to 23s RNA, each of lower electrophoretic 
mobility than the corresponding mature species. Furthermore 
these precursors have the same electrophoretic mobility as
1/.
The maturation of prokaryotic rRNAs
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RNA extracted from CM particles or from particles which 
accumulate in methionine starved cells (.Adesnik &
Levinthal, 19^9). It therefore appears that in the matura­
tion events leading to mature 16e and 23a> RNA molecules in 
prokaryotic cells, non-ribosomal seouences are removed and 
/secondary modifications of méthylation and minor nucleoside 
conversion occur. This is diagramatically represented in 
Fig 1.3c The concept of maturation of rRNA is therefore 
not restriced to eukaryotic cells and indeed Pace, Peterson 
& Pace (1970) have suggested, on the basis of kinetic data, 
that all stable RNA species in E.coli arise as a result of 
post-transcriptional modificetion.
2.2.2. L o\^j Molecular Weiadit Rib0somal RNA
2.2.2a .  5s RNA
The major ribosomal subunits of both eukaryotic and prokaryotic 
cells possess a low molecular weight rRNA component designated 
as 5r RNA by virtue of its sedimentstion characteristics.
This RNA molecule, which shows little senuence variation 
from different sources, is 1-0 nucleotides long (Brownlee, 
Sanger & Barrell, 1968, Forget & Weissman, 1967), is 
devoid of methylated nucleosides and y (Comb & Catz, 1964, 
Galibert, Barsen. Belong & Boiron, 1965, Rosset & Monier,
1964 ) and possesses a, base composition rich in (G+G), (64^) 
(Rosset & Monier, 1964) but distinct from that of high
molecular weight rRNA.
(a) Synthesis of 5s RNA eukaryotes
The 45s ribosomal precursor molecule in eukaryotes contains 
40^ of its polynucleotide se*^uence as (G+C) rich, unmethyle ted 
non-ribosompl sequences which are lost during maturation.
Since 5s RNA, a (G-^C) rich, unmethylrted low molecular weight 
rRNA snecies, could be found sssocicted with nascent ribosomes 
in the nucleus and with the mature ribosomes in the.cytoplasm 
(Knight & Darnell, 196?) it was originally proposed that this 
molecule might be derived from the 45s rRNA precursor molecule 
but a comparison of the kinetics of labelling of 5s RNA and 
45s RT'A indicated a large pool of 5s RNA molecules in the 
nucleus of Help, cells (Knight & Darnell, 1967). When low 
doses of actinomycin D are administered, 45s RNA synthesis is 
blocked and there is little inhibition of nude? r RNA synthesi: 
(perry, 1962, Penman, Vesco & Penman, 1968) but under these 
conditions 5s RNA synthesis is uninhibited (Burdon, Martin & 
Lai, 1967, Perry & Kelley, 1968, Smillie, 1970). The 
anucleolr te mutants of Xenonus laeviso which lack all the DNA 
complementary to rRNA possess the DNA complementary to 5s RNA 
(Brown & Weber, 1968) and furthermore the DNA complementary 
to 5s RNA displays a density in CsCl density gradients distinci 
from that complementary to rRNA (Brown & Weber, 1968). Also 
during oogenesis in Xenonus laevis oocytes the genes for rRNA
but not 5s rtNA are amplified (Brown & Dav/id, 1968), Together
these data indicate that in eukaryotes 5s RKA originates % : 
independently of the 45c r-pre-RNA and from an extranucleolar 
site and indeed the majority of the genes for 5s RNA inriiela 
cells are located on chromosomes distinct from those bearing 
the nucleolar organisers and the genes for ?8s and IBs rRNA 
(Attardi & Amaldl,1970).
(b) Synthesis of 5s RN A in prokaryotes
It has been estimated that an equal number of 5s, 16s and 
23s HNA molecules are synthesised in E.coli in a given time 
(Galibert, Belong, Larsen & Boiron, 1967) and since there are 
twice as many gene loci for 16s and 23s RNA as for 5s RNA in 
the B .subtilis chromosome and since these loci are separated 
from that of 5s RNA by the genes for tRNA ( Smith, el _al, 1968), 
a common precursor for 16s, 23s and 5s RNA is unlikely. 
Precursor molecules for 5s RKA have been suggested (Hecht, 
Bleyman & Woese, 1968),for some 5s RNA does appear in the ” 
absence of transcription and a pool of 5s RNA molecules is 
suggested by.kinetics of labelling experiments. Recently 
Doolittle and Pace(19Y0) using rifampicin, (which inhibits 
initiation of transcription by RNA polymerase,(Wehrli, Knusel, 
Schmid & Staehelin, 1968) have shown that in E.coli, 5s RNA 
is derived from a transcrintion product 15-30 times the size 
of 5s RNA itself. Adesnik & Levinthol, (1969) also studied
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the synthesis of 5s HNA in F.. coli end showed that! the':kinetics 
of synthesis were essentially first order, therefore suggesting 
the absence of ? pool of 5s' precursor molecules in K*coli.
These observations were supported by pulse-chase experiments 
using actinomycin D, but when cells were treated with 
chloramphenicol or starved for the amino acid methionine there 
accumulated 5s HNA-like molecules of lower electrophoretic 
mobility than 5s HNA itself« These species were not derived 
from the precursors to the larger rHNAs, and on restoration 
of methionine to the culture,or reversal of the block on proteix 
synthesis, they matured to molecules with an electrophoretic 
mobility identical to that of 5s HNA from the cytoplasmic 
ribosomes. When protein syhthesis in E.coli is inhibited by 
chloramphenicol, puromycin or amino acid starvation, several 
5s RNA-like molecules (CM 5s RNA) accumulate (Adesnik & 
Levinthal, 1969, Forget & Jordan, 1970, Fauntoun & Monier, 1970, 
Jordan, Forget & Monier,1971)• Partial sequence studies of 
such CM 5s RNAs reveal that they are homologous to 5s RNA but 
at the 5' end there are either one, two or three extra, 
nucleotides* Normal 5s RNA has pUG at the 5' end while CM 
5s RNAs have either pUUG, pUUlJG, or pAiUUUG (Forget & Jordan, 
1970, Jordan ^  al,1971)* These abnormal molecules are 
suggested to be intermediates in the maturation pathway leading 
to 5s RKA and they have also been found in exponentially
Fig e 1*4
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growing E oOoli cells (Jordan et al, 1970). CM 5s RNA is 
found free in the cytoplasm and not bound to the 50s subunits 
but Forget & Varichio (1970) have identified 5s RNA in the 43s 
ribonucleoprotein precursor particle (see above) which suggests 
that 5s RNA is inserted into the ribosomal structure at or 
close to the 43s precursor stage (Reynier & Monter, 1968) and 
is then rapidly reduced in size, becoming more tightly bound 
to the 50s subunit. The function of 5s RNA is still obscure 
but Biddiqui & Hosokawa (1969) have found that 50s subuni ts 
lacking 5s RNA can bind 30s subunits but their capacity to 
subseouently bind tRNA is considerably impaired* it is 
therefore unlikely that the function of 5s RNA is simply one 
of binding the ribosomal subunits together as was originally 
proposed by Rosset & Monier, (1964)* Its function in binding 
tRNA end its ribosome binding ability are accommodated in the 
two dimensional cloverleef structure proposed for 5s RNA by 
Raake (1968) and shown in Fig, 1,4
2.2.2,P. ”ls.l.RM
The major ribosomal subunits of eukaryotic cells have, in 
addition to 5s RNA, a low molecular weight RNA component first 
described by Pene, Knight & Darnell,(1968) d referred to as 
"7s" RNAo This RNA has been reported in a, wide variety of 
eukaryotes (Pene e;t al, 1968, Sy & McCarty, 1969? King & Gould, 
1970, Burdon & Clrson, 1969)  ^is 130-150 nucleotides in length,
contains no methylated nucleosides and is tightly hydrogen 
bonded to the 28s RWA component .of the 60s ribosomal subunit 
(Pene et_ 1968). For this reason Weinberg & Penman (1969) 
who further characterised it as 5.7s RNA have referred to it 
as 286A RNA (28s associated). Unlike 5s RNA, ?8sA RNA 
appears to be derived from the 45s r-pre-RRA molecule and is 
associated in molar amounts not only with cytoplasmic 28s 
RNA but also with nucleoplcsmic 28s RNA obtained from 50s 
ribosomal precursor particles (Pene ejb al^ 1968). It in 
fact appears to be generated at the 32s to 28s cleavage 
point in 45s rRNA maturation. This RNA species appears to 
be absent from prokaryotic ribosomes but Goldstein &
Harewood (I969) have isolated, from 105,000g supernatants 
of E.coli cytoplasm, an RNA species of identical size 
and base composition ( <'^ 55/^  (G-aC) ) but have not' characberised 
its synthesis or function. The sequence of this "6s" RNA 
has recently been established by Brownlee (1971) who has 
shown that this RNA possesses the same 5* terminal as some 
of the 5cRNA precursor molecules but that "6s" HNA is a. 
stable molecule and a functional relationship between 
"6s" RKA and 5s precursor molecules is therefore unlikely.
The relationship of E.coli "6s" RNA with the RNAs of higher 
organisms is unclear but it is however unlikely to be 
related to the low molecular weight rRNA called 7s RNA
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for it is not found on ribosomes, nor is it released from 
ribosomes by tree tment wi th hot-phenol-sodium dodecylsulpha te 
(Brownlee,1971)o Its role is not at present understood*
2.3' Transfer RNA
The .expression of information, encoded in the genome and 
transmitted by the mechanisms embodied in the "central dogma 
of molecular biology" (Crick, 1958) requires a process 
whereby the genetic information "v/ritten" in the four letter 
alphabet of the nucleic acids is translated by an "adaptor 
mechanism" to the twenty letter alphabet of the proteins.
Such an adaptor function in the process of protein synthesis 
is.fulfilled by the low molecular weight RNA component 
referred to as transfer RKA (tRNA)* This RNA species, first 
described by Roagland, Zamecnik & Stevenson (1957), has a 
sedimentstion coefficient of approximately 4s, a molecular 
weight of about 25,000 daltons and is found ubiquitously in 
all living systems where it constitutes 10% of the cytoplasmic 
RNA (about 10^ molecules per eukaryotic cell).
2.3.1 Structure of tRNA
The heterogeneous class of low molecular weight RKA molecules 
collectively referred to as transfer RNA consists of s mixture 
of single polynucleotide chains ranging in size from 75 to 85 
nucleotides in length (Phillips, 1969). Despite the 
relatively small size of the nucleotide chains, tRNA has a
26.
complicated secondary and tertiary structure and contains p 
high proportion of atynical bases such as methyls ted nucleo­
sides, dihydrouracil, thiourscil and ]xs eudouridine. The 
first complete nucleotide senuence of a tRNA molecule was 
published in 1965 by Holley (Holley gl, 1965) but since 
then many more sequences have been determined for a variety of 
tRNA species from yeast, bacterial and animal sources (Zachau, 
Putting & Feldman, 1966, RpjBhandary al, 1967, Dube, Marcker, 
Clark & Cory, 1968, Cory, Marcker, Dube & Clark,1968, Staehelin, 
Rogg, Baguley, Ginsberg & Wehrli, 1968). All tRNA sequences 
at present known can be arranged in the cloverleaf conformation 
(Fig. 1.5) proposed by Holley (Holley et al, 1965). This tv;o 
dimensional conformation allows the formation of a maximum 
number of hydrogen bonds between the Watson-Crick.base pairs 
A-U and G-C (Crick, 1966)* In this model three loops of 
unpaired, non-hydrogen bonded regions are joined by short, 
base paired helical arms to a stem formed by the pairing of 
seven bases near each end of the molecule. At the 3  ^ end of the 
stem and not involved in base pairing is the OpCpAg^^ end group 
common to all transfer RNA molecules and essential to their 
function in amino acid transfer. Adjacent to the stem are 
located the pentanucleotide loop and the dihydrouracil loop.
The oentrnucleotide loop is so called because of the occurrence 
\vithin its sequence of the seeuoace GpTpUpCpG common to almost
d!
Generalised secondary configuration of a tRNA molecule.
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Reproduced from Phillips (1969).
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all tRNA5 (Sanger, Brownlee & Barrell, 1965? Zamir, Holley 
& Marouissee, 1965) and suggested to be involved in the 
non a.‘û n o  acid specific binding site of tRNA to the larger 
ribosomal subunit (Zamir et sl,1965^ Ofengand & Henes, 1969)* 
Between the pentanucleotide loop and the dihydrouracil. loop is 
the anti codon arm'-of the molecule and this contains é iloop 
of seven nucleotides, three of which form the anticodon and 
pair in a specific manner with the corresponding code triplet 
of the niRNA molecule. The aiticodon loop in many tRNAs 
also contains, on the 3' side of the anticodon séquence, an 
alkylated purine (Fuller & Hodgson, 1967) which in tRH/s from 
most sources is P ’-methylthio-K^-(^^“-isopentenyl)-»adenosine, 
(Hall, 1970) and on the 5 ’ side of the anticodon seouence, 
a pair of pyrimidine bases. The function of these and 
other modified nucleosides will be discussed later. Between 
the pentanucleotide loop and the anticodon arm of the tRKA 
molecule is located an "extra" arm of variable length, being 
in smaller tRNAs almost non existant, consisting of only a 
few nucleotides, and in the larger tRNAs ranging in size 
up to 13 nucleotides in a base paired formation (Phillips, 
1969). The sequences of 14 tRNA molecules from various 
sources were compared by Phillips (1969) who found that as 
much as 50% of the polynucleotide sequences were invariant 
in tRNAs and suggested that a common structure exists for
29 e
ali tHNAs, determined largely by these invariant sequences*
This is sunnorted by X-ray crystsllogranhic data of Blake, 
Fresco & Langridge (1970) who have found that crystals 
containing multiple species of tRNA give single crystal X-ray 
diffraction patterns and indicates a marked level of 
similarity in the tertiary structure of tRNAs. Several modelf 
for the tertiary structure of txNA have been proposed (Cantor, 
Jaskunas & Tinoco, 1966, Lake % Beeman, 1968, Cramer, uoenner, 
Von der haer, Bchlimme & Beidel, 1968, Fuller & Hodgson, 1967, 
Doctor, Fuller % Webb, 1969, Froholm A Olsen, 1969, Melcher, 
1969, Abraham, 1971) and the general model emerging f r o m . 
these various proposals is one of a hairpin structure wi th 
the dihydrouracil and the pentanucleotide loop folded up 
and the amino acid arm protruding (see Cramer, 1971). It 
is however apparent that a detailed model of the tertiary 
structure of tRNA must await the results of X-ray diffraction 
studies with suitable crystals of tRNA.
2 .3 *2 . Biogenesis of tRNA
In addition to its key role in the synthesis of proteins, 
tRNA has been suggested, by a. number of workers, to be of 
key importance in the regulation of cell metabolism at 
both a transcriptional and a translational level (Ames & 
Martin, 1964, Stent, 1964, Taylor, Buck, Granger & Holland, 
1967, Sueoka & Kano-Sueoka, 1970). It is apparent
yv c
therefore that qualitative or quantitative differences in 
the available species of tRKA could alter the rate or 
quality of translation of genetic information and thus 
influence profoundly cell differentiation and function. 
Consenuently it is therefore of utmost importance to 
understand the molecular processes involved in the biogenesis 
of such a key molecule.
There is now a considerable amount of experimental 
evidence that, like the RNA of the ribosomes, tRNA molecules 
are derived in both eukaryotic and prokaryotic cells by a 
sequence of maturation events involving secondary 
modification of an original gene transcription product.
The existence of an unstable, rapidly labelled, methyl 
deficient low molecular weight precursor to tRNA has 
recently been demonstrated in a number of mammalian systems 
(Burdon & La.l, 1967, Lai & Burdon, 1967, Perry & Kelley,
1968, Bernhardt & Darnell, 1969, Moshowitz & Darnell, 1969, 
Kay & Cooper, 1969, Smillie, 1970), in insects, (Sirlin 
& Loaning, 1968, Egyha.zi, Daneholt, Edstrom, Lambert & 
Ringborg, 1969) and most recently in H.coli (Altman, 1971). 
(1) tRNA biogenesis in eukaryotes
The chromosomal non nucleolar origin of tRNA is suggested 
by the studies with anucleolate mutants of the clawed toad 
X en opus laevis (Brown Curd on, 1964 ), by autorad iogranhy
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(Woods & Zubay, 1968) by hybridisation experiments (Ritossa, 
Atwood & Spiegelman, 1966) and by actinornycin 1) inhibition 
experiments (Perry & Kelley, 1968)* Exoosure of eukaryotic 
cells for varying lengths of time to['^h]-uridine and 
methyl]-methionine indicated that although the radioactivity 
was initially confined to the nucleus, at short time periods 
there appeared in the cytoplasm a class of polydisperse low 
•molecular weight methylated RNA possessing features compatible 
with tRNA (Burdon, et al, 1967, Lai & Burdon, 1967, Darnell,
1968). The kinetics of labelling of this class of RNA 
molecules was consistent with its role as a precursor of 
tRNA (Burdon £t al, 1967) although they apoear to be 
deficient in methyl groups in comparison to tRNA itself. 
Pulse-chsse experiments utilising actinornycin D have 
indicated that these RNA species are indeed precursors to 
tRNA, for radioactivity, initially present in this 
polydisperse RNA fraction after short time pulses, was 
shown to subsequently and quantitatively mature to species 
of R?\A possessing characteristics of tRNA (Burdon e_t al, 1967, 
Bernhardt & Darnell, 1969, Kay & Cooper, 1969). Furthermore 
since these RNA species (referred to as "pro-tRNA" eluted 
in Sephadex ClOO columns and migrated in gels of poly­
acrylamide in a position intermediate between that of 5s RNA 
and tRNA it was suggested that they possessed a greater
32.
molecular length than tRKA itself (Burden e_b al, 1967,
Bernhardt ,1 Darnell, 1969). Chromatogrrphic examina tion, on
columns of Sephadex 0100, of " p r o - 1 " under conditions where 
contributions of secondary structure were élimina ted, (Eoedtkerj 
1967, 1968) revealed this to be that case and the "pre-tRRA" 
was longer than tRNA by an average of about 30 nucleotides 
(Burdon Sc Clrson, 1969). Precursor molecules to tRNA appear 
in the cytoplasm of eukaryotic cells wi thin minutes of their 
transcription from nuclear genes (Burdon et al, 1967, Lai & 
Burdon, 1967, Burdon & Clrson, 1969) and then undergo certain 
maturation processes in the cytoplasm, during which the extra 
seouences are removed and méthylation and minor nucleoside 
a Iterations occur and are completed (Burdon ejb al, 1967, 
Bernhardt & Darnell, 1969). In agreement wi th this finding 
it v/as demonstra ted that the bulk of the tRNA-methylase 
enzymes are located in the cytonlasmic fraction (Burdon cjk
1967). Investigations of the intracellular location of tRNA 
precursors shov^ed that although "pre-tRNA" molecules were 
found in the soluble portion of the cytoplasm rather than 
associated with mitochondrirl of microsomal components, there 
was no obvious intimate association of the precursor molecules 
with any soluble cell srp nroteins (Burdon & Clason, 1969), 
nor was there any indication of their accumulation in the 
nucleus (Burdon & Clason, 1969, Weinberg & Penman, 1969).
How;ever, Egyhazi fgt oj., ( 1969) by isolation of nuclei by a 
microsurgical procedure rather than by an aoueous cell 
fractionation technicue, have indicated that tRNA precursors 
may be found in insect nuclei. This may reflect a species 
difference in the nuclear location of tRNA cistrons for 
Sirlin & Loening (1968) and Sirlin, Jacob & Birnstiel (1966) 
have indicated the possible nucleolar location of tRKA cistrons 
in insect cells. The nature and location of the "extra" 
sequences in "pre-tRNA" have been investigated by Smillie,
(1970) who found that in the "pre-tRNA" of hamster fibroblasts 
(BHK-21/C13) the "extra" sequences were rich in pyrimidines 
and most were located at the 5' end of the molecule although 
some were possibly at the 3' end. It v;as further observed 
that "pre-tRNA" possessed different 3 ’ and 5- terminal 
sequences from the mature tRNA. In addition Smillie &
Burdon, (1970) have prepared from these hamster fibroblasts a 
cell-free enzyme preparation capable of at least partially 
trimming "pre-tRNA" to a tRNA-like material, apparently by 
an exonuclease action, for no oligonucleotides were detectably 
released. The 4s product of this "trimming enzyme" préparatior 
is still however deficient in methylated nucleotides and 
pseudouridine and presumably represents a biologically non 
functional molecule since it has been reported that 
methylated nucleosides are ess en t i r1 to the interaction of
tRNAs wàth the appropriate amino acid activating enzymes 
(Shugart, Chastain, Novelli & Stulberg, 1968). It would 
therefore appear that méthylation is not a prerequisite for 
tRNA maturation. At present it is uncertain v/hether the 
extra sequences in tRNA precursors are identical for all 
tRNA species and possibly represent a common mechanism for 
the control of their transcription or wdiether heterogeneity 
in these sequences exists.
2.3 .2* tRNA biogenesis in prokaryotes 
A similar process of tRNA maturation in prokaryotes is 
suggested by the isolation of tyrosine suppressor tRNA 
precursor molecules from E .coli by Altman (1971). These 
molecules are rapidly labelled, short-lived intermedia tes in 
a process of maturation leading to mature suppressor tRNA. 
Pulse labelling experiments and analysis by two dimensional 
fingerprinting indicate that they are indeed precursors to 
tyrosine suppressor tRNA. It apnears that they lack the 
3' end group CpCpA^y but are longer than the mature species 
by some 30-40 nucleotides. Their existence has however so 
far only been detected in bacteriophage infected cells. In 
summary therfore, molecules of transfer RNA are probably 
produced by a series of maturation events from an original 
gene transcristion product of tRNA cistrons. Nucleotide 
modifications occuring during this maturation process take
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piece upon an essentially unmodified precursor molecule and 
there is suggestive evidence that the common 3* 
end grouT) is added to the precursor molecule during maturation 
for this secuenoe seems to be absent from the tKKA cistrons 
(Daniel, 8arid & Littauer, 1970) and there are enzymes in the 
cytoplasm which can bring about its addition (Ganeliakis 
& Herbert, I960), The possibility that "pro-tRNAO^ itself 
is derived from a macromolecular precursor comoonent in 
the nucleus of eukaryotic cells cannot at present be 
excluded, A scheme showing the possible steps involved in 
tRKA biogenesis is shown in Fig 1*6,
7. 3. 3• Content of igodified nucleosides and their function 
Transfer RKA is characterised by it high content of atypical 
bases and minor nucleosides and it is g,enera11y recognised 
that these modified nucleosides confer upon tRKA molecules 
properties which in many cases are essential to their 
biologicail function. Such minor' nucleotides are found in 
definite locations within the primary sequences of the tRNAs 
and have recently been reviewed by Hall (1970(a)). The 
extent of modification varies greatly, ranging from a 
relatively simple replaceme it of functional group 
(OH with 3 in thiouridine e.g.), to the hypermodified 
nucleosides resulting from more complex alterations.
Although the simuler modifier bions do not greatly alter the
37.
structure of the nucleoside affected, they can give rise to 
changea in the hydrogen bonding base stacking and covalent 
characteristics of the tRNA molecule and consequently affect 
its biological function (Hall, 1970(b)).
7 0 3 » 3 c1 I [yn e rmo difled n u cloo s id es
The anticodon loop of many tRNA molecules possesses, at the
3 ’ end of the anticodon sequence, a hypermodified nucleoside
which in most tRNAs is a modified N (A ‘-isopentenyl)-
adenosine residue (Hall, 1970(b)), Nishimura, Yamada &
Ishikura (1969) hrve demonstrated its presence in mrny tRNAs
from RoColi and suggest that it is involved in the recognition
of codons starting wi th uridine. It is apparently essential
for correct codon recognition (Thiebe & Zachau, 1968) and
Fuller % Hodgson (1967) suggest that since there are seven
nucleotides in the anticodon loop, the alkyla ted purine at
the 3* end of the anticodon sequence provides a punctuation 
1
mark to ensure the correct alignment of the anticodon and 
mRNA sequence. Experimental evidence in support of this 
hypothesis is obtained from the work of Gefter & Russell 
(1969) end Thiebe & Zachau (1968) who indicate that the 
base modification ia: essential for ribosome binding and 
consequrntly for participation in protein synthesis. It is 
however apparently non essential for amino acyl synthetase 
recognition for not all tRNAs contain the base (Nishimura et al
Structures of methylated nucleosides commonly found
Fig I 7 the RNA components of eukaryote and bacterial 
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1969) and one synthetase recognises several serine tRNAs 
( SundharadavS, Datgi, Soli, Konigsberg & Lengyel, I968) and 
several leucine tRNAs (Kan & Sueoka, 1971). The modification 
arises by o  enzymic maturation event (Kline, Fattier & Hall,
1969) upon preformed tRNA precursors in,'the cytoplasm 
(Burdon, 1971(a)).
Po 3.3.2 Methylated nucleosides
Méthylation of nucleic acid bases provides the largest single 
group of molecular modifications and in tRNA the net methylstior 
of unfractiona ted tRNA is between P. 3/^  and 7ag most of the 
methyl groups being present on the bases and only lO-PO^ of 
the total me i hyl grouos occurring as P*-0-methylribose.
(Taraaoki & Lane, 1969). The major methylated derivatives 
commonly found in tRNA (Iwanami & Brown, 1968) are shown in 
Fig.1.7. Although there is a general heterogeneity in the 
base comnosition of tRNA from various sources, heterologous 
tRNA from yeast and rat liver have the same 6 oligonucleotide 
senuences surrounding 1-methyladenine and it is therefore 
possible that the methylated bases may be found in common 
locations in a number of tRNAs where a common function is • 
required. The precise biological function of the methylated 
derivatives in tRNA is not understood but it is unlikely that 
they serve a mere protective role, for no detectable difference 
in nuclease sensitivity has been found in normal and methyl
deficient tRNAs (Borrk & Srinivasan, 196b). Methyl group 
deficiency leads to restrictions in amino acid acceptance 
(Shugart ^  al, 1968, Peterkofsky, 1964), to miscoding ef-’ects 
(Revel & Littauer,1965,1966, Capra & Peterkofsky,1968j and 
the involvement of methylated derivatives in codon anticodon 
recognition is indicated by the presence of these bases in 
the anticodons of several bacterial tRNAs (Phillies,1969,
Capra & Peterkofsky, 1968), Methyl derivatives are' also 
suggested to be tertiary structure de terminants in tRiiA 
(Borek & Christman, 1968, Ludlurn, Warner & Wahba, 1964, Brahms 
& Spdron, 1966)*
P.3.3.3 Thionucleotides, Ino^'ine, Pseudouridinb, and 
Dihydrouracil.
tRNA from bacterial and animal sources contains thionucleotide 
derivatives (Elicieri,1970, Carbon, David,& Studier, 1968) 
which in baLcteria appear to be principally 4-thioura.cil, 
P-thiocytosine and 5-methyls.ainomethyl-P-thiouracil. In 
addition inôsine residues occur in a number of tRNA molecules 
and are implicated in codon recognition (Staehelin & Pol, 1969, 
Yoshida,, Furiuchi, Kaziro & Ukita, 1968) and all tRNAs so far 
examined have dihydrouracil residues in their base senuences 
(Phillips, 1969). Pseudouridine is a constituent of all 
tR^'As in the common pentanucleotide sequence TpCpVpCpG and 
suggested to be involved in riboso.ue binding (Zamir et al, 1963 
Ofengand & Henes, 1969), a -id in tertiary structure maintenance
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(Millar, 1969, Yoahida et al, 1969)* The precise function 
of these and other modified nucleosides however remains to be 
determined*
?.4. Messenger RNA
The DMA which comprises the hereditary material of both 
eukaryotic and prokaryotic cells caai be divided into regions 
(genes) which code for proteins (structural genes), those 
which are transcribed into Rî\^ A but not translated into protein 
(eg, rRKA or tRNA cistrons) and those whose functional 
significance does not require that they are transcribed 
(operator, promotor or regulator genes). Growth and protein 
synthesis is accompanied, largely by the transcription of 
structural genes, by a. flux of RhA molecules from the sites 
of transcription in the genome to the sites of translation 
in the cytoplasm. The mediator in this transfer of genetic 
information from DMA to nrotein is called "messenger RNA” 
(mRK/'). The concept of messenger RNA was formally 
derived by Jacob & Monod (1961) investigating the synthesis 
of inducible enzymes in bacteria. The nature of the 
synthesis of these proteins, combined with the genetic 
evidence, suggested that information issuing from the 
genome was contained in rapidly labelled, short-lived 
unstable structures, i'urther inves tiga tions shov/ed these 
molecules to possess a base composition reflecting that of
the cellular DNA (Astrachan & Fischer, 1961, Bolton &
McCarthy, 1962, Midgely & McCarthy, 1962), to be associated 
rapidly with protein synthesising structures called 
polyribosomes, (Warner, Knopf & Rich, 1963, Penman,
Scherrer, Becker & Darnell, 1963? Hisenborough, Tissieres 
& Watson, 1962), to be active in the stimulation of amino 
acid incorporation (Willson à Gross, 1964, Ba.utz, 1963(a), 
Arnstein, Cox & Hunt, 1964, Kruh, Dreyfus & Schapirq,
1964, Kruh, Schapiro, Lareau & Dreyfus, 1964) and to 
rapidly hybridise to homologous DNA (Bautz, 1963(b)).
Bacterial mRNAs were shown to possess extremely short 
half-lives of the order of a few minutes (Jacob à Monod,
1961, Britten & Roberts, I960, Willson & Gross, 1964,
Higa & Levinthal, 1964, Kepes, 1963, Hartwell & Magasenik,
1963) whilst eukaryotic cells displayed considerable diversity 
in the stabilities of their mRNAs, ranging from a few hours 
to several days and exhibiting both stable and unstable 
populations (Bloom, Goldberg & Green, 1965, Drysdale &
Munro, 1965, Bekhor, Mohseni, Nimmi & Bavetta, 1965, 
Tra.kstellis, Axelrod & Monti jar, 1964). Messenger RNA 
has been shown to contribute only a few per cent of the total 
RNA content of cells (Brenner, Jacob & 14e s el son, 1961,
Gross, Hiatt, Gilbert, Risenborough & Watson, 1961) and 
as yet no detectable modification of its constituent bases
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hèê been reported and Moore (1966) hes confirmed thpt E .coli 
inRNA certainly contrins no methylated nucleosides. Both 
in vitro end jna vivo transcriptional studies have led to the 
conclusion that mRNA is the transcription product of only 
one strand of the DKA duplex. (Hayashi, Hayashi & Spiegelmsn, 
1964, Geiduschek, Tocbini-Valentini & Sarnat, 1964, Aloni & 
Attardi, 1971). Although the functional properties of raRNA 
in both eukaryotic and prokaryotic cells appear to be 
identical, the different structural organisation of these 
cell types allows possible difforonccs in the mode of 
transnort and utilisation of mRNAs auid this point is worth 
discussion.
(1) Eukaryotic cells
In higher organisms, where the sites of protein synthesis 
are separated from the sites of mRNA synthesis not only 
by longer distances than in bacteria but also by a nuclear 
membrane, the risk of degradation of unprotected mRNA 
molecules before they become associated with ribosomes or 
polysomes is high. The mechanism of transfer of genetic 
information from the nucleus where mRNA is transcribed to : 
the cytoplasm where it is translated is still obscure but 
the recent evidence suggests that, in eukaryotic cells, newly 
synthesised mRNA molecules are transferred to the cytoplasm 
not as naked strands of RNA but in the form of ribonucleonrotein
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associates. Two different interpretations have been 
placed upon the nature of these ribonucleoproteins. One, 
based largely upon observations with mammalian cells, is 
that mRNA is transferred in associa tion with the smaller 
ribosomal subunit. (Joklick & Becker, 1965, Kohler &
Arends, I968, Latham & Darnell, 1965, Honshaw, Revel &
Hia.tt, 1965, McConkey & Hopkins, I965). The other, 
largely from studies with loach or sea urchin embryos, 
suggests that mRNA is associated with ribonucleoprotain 
particles distinct from ribosomal subunits (Spirin,
Belitsna & Ajtkhozhin, 1964, Spirin & Nerner, 1965, Infante 
& Nemer, 1968, Samarina, Lukanidin, Molnar & Gaorgiev,
1368, Samarina, Krichevskaya & Georgiev, 1966). Such 
mRICA bearing particles have been observed in both cytoplasmic 
(Spirin, I969), and nuclear fractions ( Samarina _e_t al, I968, 
1968, Cartouzou, Poiree & Lissitzky, 1969, Moule &
Chauveau, 1968) of mammalian cells and have been termed 
"informesome8” by Spirin (I964). They are found both free 
in the cytoplasm or bound to polysomes (Spirin, 1969,
Lee & Brswermon, 1971, Spohr, Granboulan, Morel & Scherrer,
1970) and have a heterogeneous distribution, but a constant 
RNA/protein ratio independent of both the size of the 
particle and the cell type from which it is isolated 
(Spirin, 1969). Inform&sorne particles contain approximately
y #
80^ protein and have t-i buoyant density distribution in
5CsGl centred around a value of 1.40g/cm . In sucrose 
gradients the particles sediment with coefficients from 
30s to 120s, each class of "informosomes" containing a 
characteristic size of mRNA. Samarina. f^ t al, (1968) have 
examined the structural organisation of nuclear informosomes 
in rat liver and have found them to contain specific 
globular proteins of the nucleus and referred to by. 
them as "inforraofers". Similar observations on the 
"informosoi'ies" released from rat liver nuclei, by incubation 
with ATP, have been made by Ishikawa, Kuroda, Ueki &
Ogata (1969, 1970 (a)(b)) who suggest th?t the protein 
component of these d-RNA bearing particles is less basic than 
the basic proteins of ribosomes or hi stones. In L cells 
Perry & Kelley (1968) have identified ribonucleoproteins 
released from polyribosomes by EDTA treatment and which 
are similar, with respect to buoyant density distribution, 
RNA/protein ratio and mRNA content, to "informosomes” 
found free in the cytoplasm. The functions of such 
"informofers" or protein components of the ribonucleoprotein 
comolexes have been suggested to be protective (McConkey 
& Hopkins, 1965), a ribosome recognition signal (Henshaw,
1968) or a means of control at the translational level 
(Spirin, 1966). Recently Lee & Brawerman, (1971) have
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shown that informosome particles accumulating in amino acid 
starved cells are precursors of polysonial mRNA with a rate 
limiting step being the addition of a cytoplasmic protein 
for the initation of polysome formation. Bach & Johnson 
(1966) however proposed that mRNA enters polysomes at or 
near the nuclear membrane and Spirin (1969) has therefore 
8T:(^&gGsted that polysome bound "informosomes” represent 
readily transla-table messages whilst those found free 
in the cytoplasm are examnles of messages which are 
temporarily masked by "informofers". Such a suggestion 
offers some explanation of the observations that at certain 
periods of embryonic development and cell differentiation 
the synthesised mRNA is translated not immediately but 
after a significant delay (Spirin, 1966, 196,9) and indeed 
Cartouzou ejb al, (I969) found the "free" informosomes of 
sheep thyroid cytoplasm to be inactive in protein synthesis 
but found their constituent d-RNA to be active. The size 
heterogeneity of the '^informosomes" (30s to 120s) and their 
included dHNA (8s to 30s) suggests the possibility of 
polycistronic messengers, in keeping with the observations 
from a variety of virus infected systems (Nathans, Natani, 
Schwartz & Kinder, 1962, Nathans, 1965, Ames Martin,
1964) but the experiments of Kuff & Roberts (196?) suggest 
that, at least in mammalian cells, mRNA is monocistronic.
47.
2, Prokaryotic cells
To date "informosome-like" particles have not been reported 
in prokaryotic cells and although the structural organisation 
of the eukaryotes is absent and the migratory distances 
from the sites of transcription to the sites of translation 
are shorter in bacterial cells, it is apparent that 
some mechanism for the protection of nascent mRNA molecules 
against nuclease degradation must also exist in bacterial cells 
In prokaryotic cells the genetic raateria.l exists in locations 
in the cytoplasm proximal to the sites of mRNA translation,, 
and Stent (1967) has proposed a model whereby mRNA is 
removed from the template DNA by ribosomes. The jni yitro 
experiments of Byrne, Levin, Bladen. & Nirenberg (1964) 
and Bladen, Byrne, Levin & Nirenberg (1965) have 
demonstrated the attachment of ribosomal particles to mRNA 
whilst the RNA is still attached to the DNA template. The 
plausibility of this model as a scheme for mRNA transport is 
given further support by the observations of Shin &
Moldave (1966) and Ravel, Herzberg, Becarevic & Gros (1968) 
that in vitro transcription by RNA oolymerase is stimulatedm ill | 1 »I | I ^  L K/
by the addition of ribosomes. In addition, ribosomes of 
prokaryotic cells have been shown to be subject to an 
obligatory cycle, being dissociated to subunits when released 
from mRNA chains and reassociating to 70s oar t i d e s  when
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attached to the initiation site for protein synthesis on a 
mRNA molecule (Mangiarotti & Schlossinger, 1966, 1967, 
Kaempfer, Meselson & Raskas, 1968). Forchammer and 
Kjelgaard (1968) suggest that it is the 30s ribosomal 
subunit rather th&fi the 70s ribosomes which may be involved 
in the transport of mRNA and their da,ta, obtained with 
E.coli mutants deficient in 50s ribosomal subunits, are 
given further support by the observation that 30s subunits 
carry the site for mRNA attachment (Takanami & Oka,mo to, 
1963, Raskas & Staehelin, 1967) and are involved in the 
initiation of protein synthesis (Nomura & Lowry, 1967, 
Nomura, Lowry & Guthrie, 1967). These results therefore 
indicate that, in prokaryotic cells, the means of mRNA 
transport is probably the ribosome itself or its 
constituent 30s subunit.
2.5. Nuclear RNA
Eukaryotic cells are characterised by the location of 
their genetic material within a ,defined organelle, the 
nucleus, and recent improvements in cell fractionation 
techniques have allowed the ideitification of distinct 
classes of RNA molecules restricted to the nucleus,
2.5.1, Heterogeneous Nuclear RNA (HnRNA)
When eukaryotic cells are exposed to radioactive RNA 
precursors for short time periods, radioactivity first
appears in two classes of high molecular weight RNA
associated with the nucleus. The first, referred to as
"r-pre-RNA" or ribosomal precursor RNA, v'hose metabolism
has been discussed in section 2.-.1.1., is the product
of ribosomal genes and has a sedimentation coefficient of
6
4 5 b ,  with a molecular weight of 4-4.5' x 10 daltons 
( Scherrer e_b al, 1964, Weinberg & Penman, 1970)*
Coincident v.ât.h or shortly after its synthesis, this molecule 
is methylated end becomes associated v/ith nuclear proteins 
to form a ribonucleoprotein complex within which a process 
of maturation, involving specific enzyme cleavage of the 
RNA moiety, occurs and gives rise eventually to mature 
ribosomal subunits in the cytoplasm. The second class 
of rapidly labelled nuclear RNA, characterised by its 
rapid turnover and heterogeneous sedimentation in 
sucrose gradients, is referred to as heterogeneous nuclear 
RNA (HnRNA). This class of RNA molecules, v/hich in short 
time pulses may comprise as much as 50^ of the rapidly 
labelled cellular RNA (Warner ejt al, 1966(b), Yoshikawa- 
Fukada, Fukada & Kawade, 1965) has been identified in a 
number of mammalian cells (Warner ^t al, 1966(a)(b), Soiero 
et al, 1966, Willems, Musilova & Malt, 1969? Stevenin,
Mandel & Jacob, 1969, Shearer à McCarthy, 1967) in 
insects (Edstrom & Daneholt, 1967, Sirlin & Loening, 1968)
in amphibians (Brown & Gurdon, 1966, Loening, 1969) and
also in plants (Retjel & Planta, 1968) but as yet has not
been found in bacteria. The free RNA itself has
sedimentation coefficients ranging from about 30s to 100s
(Warner ^  1966, Soiero £t 1966, Attarki et al,
1966, Scherrer e_t al, I966) but is found in the nucleoplasm
in the form of ribonucleoprotein particulates with
sedimentation coefficients ranging up to 5000s (Penman,
Vesco & Penman, I968)• This heterodispersity reflects a
true range of high molecular weights in this class of RNA
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molecules of from about 2 x 10 to 10 daltons •(Attardi 
e_t aJ, 1966) for these values are unaffected by treatments 
which disrupt non specific binding or aggregation 
(Lindberg & Darnell, 1970) and electron micrograph examinations 
of isolated heterogeneous nuclear RNA molecules reveal 
chains 7-8 microns in length and corresponding to 
molecular weights of 7-8 x 10^ daltons (Scherrer, Marcaud, 
Zajdela, London & Gros^ I966), In addition to 
heterogeneity of size they show heterogeneity of base 
composition (Shearer & McCarthy, 1970) but their overall 
base composition reflects' that of the cellular DNA with a 
( G C) content of 42-47/^ (Soiero et al, I966, Attardi ej: al, 
1966, Loening, 1969, Brown & Gurdon, i960, Scherrer £t al.,
1966, Noussais & Attardi, I966), HnRNA is synthesised
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in the nucleus in a location distinct from the nucleolus 
(Soiero et al, 1966, Attardi cj: bJL, 1966) and is restricted 
to the nucleus (Shearer & McCarthy, 1967) where 80-90/i of 
it turns over with e half-life of 30-60 mins, being degraded 
to acid soluble fragments without leaving the nucleus 
(Shearer &. Marcaud, 1965, Scherrer et al, 1966, Burns,
Fisher & Lowy, 1965, Soiero al. 1968). Presaturrtion 
hybridisation experiments (Soiero & Darnell, 1969) reveal 
that in He la cells, HnRNA is complementary to about 5/^  of 
the genome. These coranlementary sequences contain a 
fraction which rapidly hybridises to homologous DNA, possibly 
representing reiterated sequences or sequences containing 
a fair degree of sequence homology, and a fraction which is 
only partially hybridised even after "exhaustive" hybridisation 
(Pagoulatos & Darnell, 1970(a). The rapidly hybridising 
sequences appear to be equally distributed among the 
chromosomes (Pagoulatos à Darnell, 1970(a)). A comparison of 
HnRNA during the various periods of the cell growth cycle 
(Pagoulatos & Darnell, 1970(b)) reveals that HnRNA synthesis 
is not restricted to any phase of the cell cycle ( ,  S or 
G^) and some molecules were equivalent at all times but 
small significant differences in the classes of HnRNA at 
various periods may exist but are undetectable by the presently 
available techninues.
2*.5* 1.1 Heterogeneous, nuclear RNA - its relotionshi : to     ' ■ ' —    ^  — ^     .     - . - - . . . !
messenger RNA.
From experiments with duck erythrocytes (Scherrer £t cl,
1966, Attrrdi et fgl, 1966), Hela and L cells (Soiero et al, 
1968, Shearer & McCarthy, 1967) it is clear that' the vast 
majority of HnRNA cannot represent messenger RNA soouences 
since aoproximately 30fo of it is degraded to acid soluble 
fragments in the nucleus. However its characteristics of 
rapidity of labelling, metabolic instability and DNA-like 
base composition suggest the possibility that a minority 
of thr'se large molecules might serve as precursors to 
ccytoplo.smic mRNA, Fxa mi nr tion of cytoplasmic extracts
obtained from cells la belled for short time periods 
reveals two classes of rapidly labelled heterogeneous RNA 
in the cytoplasm (Penman e_b £.1,1968, Warner ot al, 1966).
The first cllss of RNA molecules is found associai ted v/ith 
polysomes, is reler-sed from these by treatment with EDTA 
(Darnell, 1968), is assumed to represent mRNA and has a 
heterogeneous distribution on sucrose gradients with s 
values ranging from 8 - 30s. However a comparison of the 
kinetics of labelling of this clas-; of RNA molecule a -'■ith 
that of HnRNA suggests that no precursor product relrtionship 
exists between polysome associated RNA and HnRNA (Penman et 
al, 1968}. The second class of cytoplasmic heterogeneous
RNA (10s-70a) cosediments with the polysomes but is not 
anperently associated with them or relrted to mRNA, and 
forms a contamina ting fraction which may be an isola tion 
artifact as a result of leakage of HnRNA from the nucleus. 
Competition hybrid i sa tion of polysome associated oiRnA 
and HnRNA with homologous DNA reveals considerable seouence 
homology in the two fractions (Aaron & Ciorgiev, 1967, 
Birnboim et al, 1967, Soiero & Darnell, 1970); arid 
hybridisation experiments (Stevenin et al, 1969) have 
indicated that, in rat brain, 65% of the total dRNA is 
found on microsomes although no nuclear specific d-RNA 
species with sediments tion characteristics of microsomal 
RNA was detected * Similar observations have been made by 
Aaronson & Wilt, (1969) in sea urchin embryos, thus 
suggesting specific limited cleavage of nuclear d-RNA.
The most convincing evidence for the possible precursor 
relationship of HnRNA to mRNA is provided by the experiments 
of Lindberg & Darnell, 1970) in SV 40 transformed cells.
SV 40 transformed cells contain SV40 DNA integrated into 
the cellular genome, and produce virus specific RNA.
HnRNA isolated from SV 40 transformed cells contains virus 
specific sequences in RNA molecules considerably larger 
than the oresumed viral mRNA molecules isolated from 
cytoplasmic polysomes. Again these data suggest that mRNA
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is derived from HnRNA by limited specific cleavage. The 
apparently wasteful synthesis of large amounts of RNA 
which is destroyed during maturation of nuclear RNA species 
subsequent to enzyme cleavage has precedent in the case 
of ribosome maturation as discussed in section 2.?,1.1.. 
Evidence from hybridisation experiments (Birnbiom al,
1967, Soiero à Darnell, 1970) has confirmed the hypothesis 
of Brown & Gurdon (1966) that at least some sequences 
of HnRNA may be converted to stable raRNA species. Recently 
Niessing & Sekeris (1970) have identified an endonuclease 
activity, associated with the 50s - 80s d-RNA containing 
ribonucleoprotein particles of rat liver nuclei, which 
specifically cleaves high molecular weight DNA-like - 
RNA (50s) to a size comparable with that of mRNA extracted 
from cytoplasmic polysomes (10-18s). This cleavage takes 
place within the 50-80s ribonucleoprotein complex. In 
parallel with these observations, Willems e_t ^1, (1969) 
have shown that after unilateral nephrectomy, compensatory 
growth of the remaining kidney is accompanied by a faster 
rate of processing of the HnRNA prior to an increase in 
cytoplasmic RNA. In contrast to these observations 
however, Penman, Rosbash & Penman (1970), on the basis of the 
differential response of HnRNA and mRNA synthesis to the 
adenosine analogue, cordycepin, suggest that HnRNA and
raRNA are transcribed by two distinct nuclerr located RNA 
polymerases and that they therefore cannot be related.
Other functions ascribed to HnRNA fall largely into the 
concept of regulation and will be discussed in section 3®
2,3.2 Chrornosoraal RNA
Chromosomal proteins obtained, by dissociation by salt.of 
nucleohistone preparations, from pea bud, pea cotyledon, 
calf thyraus, rrt liver, rat ascites cells and chick embryos 
have been shown to contain a covalently associated special 
class of low molecular '.weight RNA molecules referred to as 
"chromosomal RNA" (Huang & Bonner, 1963, Bonner à Widholm, 
1967, Chill & Bonner, 1969? Dahmus & McConnell, 1969). This 
class of RNA molecules has a homogeneous size distribution 
of about 3.3 to 3.8s, corresponding to a molecular length 
of about 40-30 nucleotides (Huang & Bonner, I965). It 
possesses considerable seouence heterogeneity and hybridises 
to a relatively large portion of the genome ( 2-4/') end is 
characterised by its high content of dihydrouracil or 
di hydro thymidine (9 orioles per cent). It is apparently 
distinct from tRNA or mRNA and studies of dissociation 
and reassociation of chroma tin sug^.est that chromosomal 
RNA may play a key role in gene regulation by conferring 
snecificiby on the DNA-chromosoraal protein interaction 
(Bonner & Huang, 1966, Bonner & Widholm, 1967, Bekhor,
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Kung & Bonner, 1969, Huang cb Huang, 1969) ♦ A: recent 
re ex a mine tion of chromosomal RK^ in cp.lf thymus (Heyden & 
Zachau, 1971) however suggests that it is at least psrtipliy 
composée of fragmenbs of transfer RNA linked by peptide 
bond to nude ohistone, but no competition hybridisation 
between fnictions is demonstrated and these authors do not 
exclude the possibility that chromatin specific RNA does 
exist in eg If thymus.
2.5.3 Low mol ocular w eight raono disperse RNAs of the 
nucleus.
The development of acrylamide gel electrophoresis for the 
separation of RNA molecules (Loening,. 1967) has revealed that 
in addition to the high molecular weight fractions discussed 
in s e c t i o n 2.2.1.1 and 2.5*1. , the nuclei of euk^eryotic 
cells contain a class of low molecular weight (5-10s) 
monodiF.persc RNA molecules (Prestayko & Busch, 1963 (a)(b), 
Weinberg & Penrapn, 1968, 1969). These RNA molecules range 
in size from 109 to 200 nucleotides in length, have a high 
content of'(G+C) (47-54%), appear to be restricted to the 
nucleus, are meta-bolically strblr and most are .highly , 
methylated (Weinberg & Penman, 1968, 1969, Zapisek, Sauonfra 
& Enger, 1968). They are found in birds, mammals and 
amphibians (Rein & Pen.nan, 1969) and are distributed between 
the nucleoolasinic and nucleolar fractions.
They are contained wi thin ribonucleoprotein complexes ranging 
in size from 30s to 700s (Weinberg & Penman, 1969) and the 
nucleoolasraic species are less tightly oound to the chromatin 
than heterogeneous nuclear RNA. They are unrelated to HnRNA 
and are metebolicFlly steble, insny being ps metobolicrliy 
stable PS the cytoplasmic ribosomes. They survive mitosis, 
during which they are found in particles whose size range 
from 30-180S, wi th different RNAs being distributed over 
this particle size range (Rein, 1971), In Help cells 
their synthesis is strongly effected by drugs pnd'inhihitors 
whi ch inhibit nucleolar synthesis rnd does not appear to be 
coordinated with the synthesis of DNA. As yet their function 
is unknown.
2.6 nitochondrial RNA (mit-RN^)
The mitochondria of eukaryotic cells a,re semiputouomous 
organelles possessing their own distinctive genetic maiterial 
and capable of synthesising proteins by a system i-’hich 
resembles that of bacteria in its resnonse to a.-variety of 
metabolic inhibitors (Roodyn & V/ilkie, 1963). Mitochondrial 
DMAs from a variety of sources show a close distribution 
of buoyrnt densities in CsCl (Rpibinov;itz & Swift, 1970) and 
have been identified as closed circular, double stranderj 
molecules of an overall length of about 3)X (Borst, Van 
Bruggen, Ruttenherg & Kroon, 1967) which therefore possess
a limited coding ability (Rabinowitz & Swift, 1970).
Despite their partial dependence upon nuclcf'r genes, 
mitochondria possess their own RNA polymerase (Kalf, 1964, 
Kroon, Saccone H Bottman, 1967). Kitochondrir1 DR A is 
transcribed inLo rRRA, tRNA and raRNA, the complete genome 
being expressed almost entirely by the transcription of the 
her- vy strand" (Attardi & Attardi, 1971(a), (b), Aloni,
Hatlen & Attardi, 1971). Mitochondrial KRAs are characterised 
by the sensitivity of t'^eir synthesis to inhibition by the 
drug* ethidium bromide (Kylber, vesco & Penman, 1969? Knight,
1969).
2.6*1 mitochondrial rib'osomsl RNA (mit-r-RNAJ .
KRase sensitive, ribosome-like particles within the matrix 
areas of mitochondria were first observed by Andre &
Msrinozzi (1965) and Adams (1966). Ribosome particles 
have been isolated from a wide variety of mitochondrial 
sources and are cha-rac’Ccrised by their lo^ -’cr redimenta tion 
velocity a n d  their content of smaller rRMA species than 
those from cytopiaamic ribosome^. (Kuntzel h Noll, 1967,
Kuntzel, 1969, Edelman, Verma & Littauer, 1979, V/intersberger 
& Vichruser, 1968, Rifkin, Wood & Luck, 1967). Ribosomes 
from eukaryotic initochondria rppear to have a sedimentation 
coefficient of 55-60s and are composed of 40s and JOs
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subunits (Swanson & Dswid, 1970, Brega & Vesco, 1971,
Attardi Sc Ojala.,1971, 0*Brien & Kalf, 1967). Associa ted 
with the larger 40s subunit is a ?ls rRNA species and with 
the 30s subunit, a 12s rHNA species* The low moleculpr 
weight 5s RNA component found in cytoplasmic ribosomes 
appears to be absent from mitochondrial ribosomes (Lizzardi 
& Luck, 1971, Attardi & Attardi,1971(b)). The base 
composition of mit-r-RNA differs widely from that of the 
cytoplasmic species (Fauman, Rabino^'ûtz & Getz, 1969, Vesco 
& Penman, 1969) being richer in (A+U) and rait-r-RNA has 
been shown to hybridise to about 10-12% of mi tochondrial DNA., 
there being at least 4 gene copies for mit-r-RNA in 
Nourospora (Wood & Luck, 1969, Dawid, 1969) although Aloni 
& Attardi (1971) hpve found no such multiplicity in Help 
cells. Mit-r-RNA does however hybridise v/ith nuclear 
DNA (Wintersberger & Viehauser, 1968) but it is as yet 
unclear whether this represents partirl sequence homology 
or true nuclear cistrons for mit-r-RNA. Polyribosome 
structures active in protein synthesis have recently been 
identified in Hela mitochondria (Brega & Vesco, 1971,
Attardi & 0jala, 1971) and Kuntzel (1969) has shovm that 
mitochondrial ribosomes possess protein components distinct 
from those of the cytoplasmic species* Mit-r-RNA appears 
in addition to be noorly methylated (Attardi & Attardi, 1971(b))
bü.
2.6*2 .. Mitochondrial tRNA (in it-tRNA).
Mitochondria of Neiirosporo, yeast and rat liver have been 
shown to contain aminoncyl tRNAs that differ from those of 
the cytoplasm (Epler, 1969, Epler & Barnett, 1967? Buck & 
Nass, 1968,1969(a)) and tRNA synthetases specific for 
mit-tRNA have been identified in Neurospora (Barnett, Brown 
& Enler, 1,967). Reverse phase chromatography has revealed 
fifteen distinct separable species of mit-tRNA in Neurospora 
(Epler, 1969) and six in rat liver (Buck & Nass, 1969(a)) 
unable,to be charged by the cytoplasmic synthetases. 
Polyacrylamide gel electro eh o re si s of cytoplasmic and 
mitochondrial tRNA from Hela cells (Knight &'Sugiyama, 1969) 
roveF led a class of mit-tRNA with different coding prooerties 
to cytoplasmic transfer RNA species. N-Formyl-raethionine 
tRNA, the initieiting tRNA in bacterial and euk&.ryotic protein 
synthesis (Smith & Marcker,1970, Brown & Smith, 1970) has 
been shown to exist in mitochondria of Hela cells (Galper & 
Darnell, 1969) and yeast and rat liver (Smith & Marcker, 
1968). Hybridisation da.ts (Hass Si Buck, 1969? Casey, 
Fukuhara., Getz & Rabinowitz, I969) reveal thet most if not 
all mit-tRNAs are mit-DNA specified, and Aloni and Attardi, 
(1971) hove shown the existence of 11 tRNA genes present in 
Hela mit-DNA, the bulk of these being present on the 
"heavy strand". That mit-tRNA biogenesis may involve a
ox
similar maturation scheme to that proposed for cytoplasmic 
tRNA synthesis, is suggested by Lizzardi & Luck (l97l) 
who have demonstrated the existence of a putative mit-tRNA 
precursor in Neurospora mitochondria.
2*6.3 Mitochondrial messenger Ri\A (mit-mRNA).
Most mitochondrial enzymes and many structural components 
are probably derived from nuclear genetic information and 
are synthesised on cytonlasmic ribosomes prior to assembly 
into mitochondrial structures, but polysome structures engaged 
in mitochondrial specific protein synthesis have been 
identified in Hela and Xenopus mitochondria (Attardi &
0 jala, 1971, Brega & Vesco, 1971? Swanson & Dawid, 1970,
Perlman & penman, 1970). Pulse labelling of yeast with RNA 
precursors rapidly labels an RMA fraction which hybridises 
efficiently with mit-DNA and is presumably messenger RNA 
(Rabinov/itz & Swift, 1970). In addition RNA/DNA hybridisation 
studies indicate an RNA fraction, associated with the membrame 
bound nolysomes of Hela cells, which is distinct from nuclear 
mRNA with respect to base composition and metabolic behaviour 
and which hybridises efficiently with mit-DNA (Attardi & 
Attardi, 1967,1968). Attardi suggests that this mRNA may 
nrovide information for the synthesis of cellula^r membrane 
nroteins (Attardi 1 Attardi, I968). However,,there also exist: 
the possibility that this mit-mRNA leaves the mitochondrion to
b2o
specify the synthesis of mitochondrial rihosomFl proteins, 
for they aooear to be syn the si seel in an extramitochondrial 
site insensitive to chlorarnnhenicol and sensitive to 
cycloheximide (Kuntzel, 1968).
3. ’ Regulation of KKA synthesis.
Despite the ecuivalence of genomes in the cells of higher 
organisms (Gurdon, 1962) the individuality expressed in the 
various differentiated states imolies an ordered epression 
of genetic information. Since the immediete products of gene 
transcription are RNA molecules it is important to consider 
the processes whereby RNA synthesis is regulated:- 
3.1 Gene masking
dome 80-90:æ of the DNA. of the interphase nuclei appears to 
be,in some way, repressed and unavailable for transcription. 
(Allfrey, nittau & Mirsky, 1963, bonner & Hurng, 1963, brenster, 
Allfrey Mir sky, 1963, Raul uilrnour, 1968). "Repressed" 
interphase DJMÀ appears as condensed heterochromatin and "active'" 
interphase DNA as extended euchromatin fibrils (Hsu,196?, 
Frenster, Allfrey & Mirsky, 1963)# In addition the euchromatin 
fibrils are deficient in the basic proteins, his tones, (Prenster 
1963) and contain the bulk of the rapidly labelled RNA of the 
nucleus (Rrenster ^^ t al, 1963). Since histone molecules 
inhibit the synthesis of both RNA by RNA polymerase and DNA 
by DKA polymerase in vitro, (Huang & Bonner, 196p, Hnilica &
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Billen, 1964) it is suggested that only a limited range of 
DNA senuences is available for transcription in chromatin,
the majority being masked by the basic proteins (Allfrey &
Mirsky, 196?, Paul & Gilmour, 1966(a)). RNAs extracted
from several mamiQalian organs anneal with no more than
5-10% of the DNA from the same animal (Paul & Gilmour, 1968)
and when chromatin preparations are used as templates, in
vitro, similar results are obtained in contrast to the
40-50% annealing obtained with RNA transcribed from purified
DNA (Paul & Gilmour, 1968). This restriction of chromatin
is organ snecific, some secuences being peculiar to particular
organs and some sequences being common to various organs* Whe:
deproteinised chromatin is used as template it behaves
exactly like DNA, and when dehistoned chromatin is the -'
template there is at least partial restriction but when
histones alone are combined with pure DNA, no RNA is
transcribed jui yi tro. (Paul & Gilmour, 1968) From this
data Paul & Gilmour conclude that histones can mask chromatin
in a non specific manner, the specificity of histone-DNA
interaction being mediated through the non-histone acidic
■proteins (Paul & Gilmour, 1969) allowing the unmasking of
organ specific senuences.(see Fig. 1.8). There is now some
evidence that non-histone proteins can catalyse the
modification of chromosomal macromolecules (Burdon, 1971(b)).
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A model of the possible arrangement of chromosomal 
proteins in the gene regulation system of mammalian 
cells as suggested from experimental findings.
Reproduced from Paul, Gilmour, & Thomou (1970)
65o
Moreover in multicellular organisms cyclic AMP (cAMP) can 
be considered as s. positive allosteric effector for the 
phosphorylation of proteins by the enzymic action of protein 
kinases and ATP (Tomkins & Martin, 1970). Langan (1963, 
1969(a),(b)) has shown that after cAMP administration 
specific serine residues in liver F,histones are phosphory- 
lated. The proposed role of hiatones is to regulate gene 
transcription and the phosphorylation of histones is proposed 
to uncover regions of the genome thus allowing transcription. 
In addition Burdon (1971(c)) has found that, in Krebs II 
cells, cAMP stimulates phosphorylation of histones in vivo
* *■ ,s KJ iPixMf ' i r f  imwi whm
and AMP promotes méthylation of histones. The precise role 
of these hormone mediated modifies tions in gene regulation 
is however at present unclear.
5•2 Gene dosage
Rapid cell development in early e.nbryogenesis demands an 
increasing capacity for protein synthesis which is met in 
amphibian oocytes by an increased synthesis of ribosomes 
achieved by the selective amplification of appropriate genetic 
material (Brown & Dawid, 1968). Interestingly however only 
the genes for ?8s and IBs RNA are amplified (450 copies to 
greater than 1000 copies/haploid complement) and the 
coordinately exnressed 5s genes are highly redundant, there 
being about 20,000 copies per haploid g;enome (Brown & Weber,
bbc
19(^8) q Ferhpns the high redundancy of 5b genes allows the 
synthesis of 5b HNA to keep pace with the increased synthesis 
of 28b and 18s HNA during oogenesis and ornbryogenesis. The 
rate at which 5s HNA synthesis proceeds in Xenopus appears 
to be regulated by the rate of synthesis of ?3b and IBs RNA 
for no 5s RNA accumulates in anucleolate embryos unable to 
synthesise 28s and 13s HNA although such embryos do contain 
the genes for 5s RNA (brown & Dav/id, 1968) . In Hela cells 
and 13HK cells however this regulation system does not appear 
to operate for there is persistant synthesis of 5s RNA when 
rRNA synthesis is inhibited by low levels of actinomycin I) 
(Perry & Kelley, 1968, Burdon ejb rl, 1967, Smillie, 1970).
3 . 3 Ro; ;u la  t  i o n  b y  RK A n o ly r r ie ra s e
Control of transcription mediated by RNA polymerase has been 
suggested by Brown & Dawid (1970), Roeder & Rutter (1970) and 
by Travers (1971) and has been most widely studied in bacterial 
cells. A single RNA polymerase species is thought to be 
responsible for the synthesis of all types of bacterial RNA 
(Geiduschek, 1969) and has been shown to possess the subunit 
composition cx,jjj\ô^  (Travers & Burgess, 1969, Burgess, 1969) .
The o6 subunit has a yet unknown function and the subunits 
are involved in the binding to DNA (Travers, 1971) whilst the 
CT factor apsears to be necessary for the accurate initia.tion 
of transcrit)tion and is reversibly dissociable from the
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holoenzyffle (Sugiura, Okainoto & Taksnami, 1970). The factor 
acts catalytically in the initiation of RNA chains (Travers à 
Burgess, 1969) and is not renuired for chain elongation 
(Darlix, Sentenac, Ruet Fromageot, 1969). It is released 
from the DNA-enzyme comnlex in vitro during or shortly after 
initiation and Bettijohn, Stettington & Koasman (1970) have 
suggested that release may occur in vivo. In vitro release 
of C  factor is mediated by the binding of single stranded 
polynucleotide chains to the holoenzyme and it appears that 
release occurs when a single stranded polynucleotide structure 
is generated such as the new RNA chain or by the "melting’’ 
of the DNA duplex which would occur shortly after initiation 
of transcriooion (Travers, 1971)o It is possible to alter 
the initiation specificity by substituting one sigma-like 
factor for another (Travers, 1969). The flexibility of 
most reversible transcriptional transitions can only be 
provided by a. control of initiation specificity and reversible 
dissociations of factors could feasibly provide such 
flexibility.' The holoenzyme does not, however, appear to 
use bacterial DNA as a template efficiently (Travers & Burgess,
1970) and Travers (1971) has suggested that a further control 
by factors is superimnosed uoon d" factor action. These 
additional factors, of which several types are postula.ted, 
are themselves regulated by low molecular weight effectors
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and interact wi th the holoenzyme to alter its initiation 
specificity, Hxrmpler of this type of modification have 
been identified for rRNA and tKNA cintrons (d^ r factors)
(Travers, Kamen Bchlief, 1970). Nine control of such . 
reversible transitions could be mediated by an other category 
of regulatory protein, examples of which are the X  and lac, 
repressors. Multiple forms of RNA p ;ly;nerese have been 
identified in a number of eukaryotic cells (Roeder & Rutter, 
1969, 1970) and changes in the proportion or activity of these 
have been reported following hormone administration (Tomkins.
8c, Martin, 1970), Brown & Bawid (1970) have suggested that 
multiple forms of kjmA polymerase or its subunits could serve 
as positive control elements in higher cells, and visualise 
a model in which linked genes would be recognised by defined 
polymerase species by their content of the same initiation 
sequences. Thus regulation of transcription via RNA polymerase 
or its constituent subunits aipears to be a fea.sible 
proposition for both eukaryotic and prokaryotic cell s.
3.4 The structural organisation of gene regulation in 
higher cells.
Theories of gene regulation in higher cells are a direct 
extension of the Jacob & Monod theory of gene regulation in 
bacterial cells. Pace et (1970) have suggested that all
stable RNAs of prokaryotic cells arise as a result of post-
'^'Operon structure** of gene regulation, in eukaryotes 
Fig.I.9
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trpnscriptiona.l modifications and it is becoming increasingly 
'apparent that^ in eukaryotic cells also , RNA maturation 
features extensively in gene regulation (Burden, 1971(a),
Willems, Ponra n & Penmsn, 1969). A recent theory of 
Georgiev (1969) on. the structural organisation of the "operon" 
in higher cells encompasses the role of such maturation 
phenomena^ Georgiev envisages the "operon*^ to be composed 
of a non-infor native region containing the promoter site, to 
which RNA nolyraoro.se binds, and separated from the informative 
region of structural genes by a linear array of acceptor loci 
or operators (see Fig* 1.g) « These "operators " are 
recognised, by various regulatory proteins functioning like’, 
bacterial repressors and preventing transcription by the 
prevention of the passage of RNA polymerase. The existence 
of several loci in any one "operon” ensures that an "ooeron" 
may be regulated by different factors such as hormones or 
other cellular effectors, and the multiplicity of some acceptor 
loci would then accommodate the expression of linked genes. 
Opérons rary bo combinedin groups of higher order a.id 
determine the synthesis of cell specific proteins. A coordinate 
expression of such linked genes mediated by the high 
multipliaity of acceptor loci in various ooerons easily 
accommodates our present impressions of cell differentiation. 
Expression of an ooeron therefore results in a large RNA
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molecule containing informative and non-informative seouencos 
and Georgiev suggests that such molecules represent the so 
called HnRNA..which-.undergoes a. maturation process during which 
the non-informative senuences are selectively degraded and 
the informative regions.pass to the cytoplasm as mRNA.  ^
similar but slightly .more detailed model is proposed by 
Britten & Davidson,(1969) who suggest that interaction of 
effectors wi th"sensor genes" allows the expression, in the 
form of "activator RNA" molecules, of integrator genes" and 
that such nuclear confined "activator HhAs" complex with 
"receptor genes" linked to "producer genes" to determine the 
pattern of cellular gene expression. Some ?0-40fo of the 
mammalian DNA base sequence is represented by highly repeated 
secuences scattered throughout the genome (Britten & Kohne, 
1963) and Georgiev (I969) suggests that these repeated 
seouencoR represent non-informa tive regions of "opérons".
The concept of the regulatory action of hi stones and certain 
non-histone protr ins in higher colls hrs been expounded for 
so.ne time and ha.s been discussed in section 9,1, but Georgiev, 
An an i eve & Kozlov (i960) haive reported that transcript ion of 
repeatod DNA seeuences i s sneci fically inhibi ted by F , his tones 
at.nd therefore suggest that this represents a prevention of 
tra.nscription by the binding of histonos to acceptor loci 
of onerons".
VF.
9. 5 Regulation of RNA s.ynthesis in rela tion to growth,
RNA synthesis in relation to the periods of rapid cell 
development occurring during oogenesis and embryogenesis has 
been discussed in section 9.1, but in less active cells, such 
as adult liver or kidney, there is still extensive 
incorporation of RNA precursors into rRNA (Huraraatsu, Hodnett, 
& Busch, 1966) and Quincey & Wilson (1969) have estimated that 
rRNA genes in rat liver are transcribed twice a minute, 4s 
genes once a minute and 5s genes once every two minutes.
Agoin there exists a high degree of redundancy of 5s genes 
and since the half-life of an adult liver ribosome is 
aporoximately 4-6 days (Loeb, Howell & Tomkins, 1965) it is 
apparent that some post-transcriptional control of ribosome 
production must exist. Such a system could be explained by 
the "wastage phenomenon" reported in resting humsn lymphocytes 
by Cooper (1969) which proposes that some of the newly 
synthesised rRNA is immediately degraded, a fixed level ' .
surviving, and this survival level controls the rate of rRNA 
synthesis. Similar observations of a wastage phenomenon in 
lens tissue have been reported by Bapaeonstantinou & Julka,
(1968). RNA synthesis appears to be continous throughout 
interphase with a slightly higher rate in phase than in 
the Gp phase of the cell cycle (Enger & Tobey, 1969) but it 
is reduced greatly during mitosis (Johnson & Holland, 1965)
1 3 .
possibly due to the condensation of the chromatin template.
The synthesis of 45s r-pro™RNA and its processing to ?8s 
and 18s RNA apnears to occur in the S, and Cephases of the 
cell cycle to an eaual extent (Schc-rff & Robbins, 1965).
Transfer RNA is a stable coinoonent of the cell and has 
a half-life in rat liver estimated at approximately 90h 
(Bloebel & Potter, 1968) yet it is estimated that 11,000 tRNA 
molecules are synthesised per minute in rat liver (Quincey & 
Wilson, 1969). V tRNA e/nthesis is accelerated when resting 
human lymphocytes are stimulated to grow and divide by 
treatment with phytohaeniagluttinin (Kay & Cooper, 1969) perhaps 
in response to an increased demand for protein synthesis.
Starvat ion of cultures of Hela or BHK-21 cells for the essential 
amino acid,methionine, promiotes a retardation in pre-tRNA 
maturation (Smillie,1970, Bernhardt & Darnell, 1969) as does 
infection of BHK cells with pscud0rabies virus (Shepherd, 1969) 
possibly not as a result of inhibition,of protein synthesis 
but as a result of methyl group.deficiency,for pro-tRNA is 
synthesised and. processed at a normal rate in valine starved 
cells.(Smillie, 1970) Regulation of tRNA synthesis might 
therefore bé mediated through a control of maturation of pre- 
tRNA molecules.
Inhibition of protein synthesis by amino acid starva.tion 
appears also to affect the regulation of rRNA synthesis
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(Maclen, 1971(a), Shields & Korner, 1969). When cultures : 
arc starved for methionine, ribosome formation continues at 
a much reduced rate ( Mad on, Vaughan, Warner & Darnel-1, 1969,
Maden & Vaughan, 1963) and there is a'deficiency of ribosomal 
proteins (Vaughan, Soiero, Warner & Darnell, 1967, Madon & 
Vaughan, 1968). The intranucleolar cgntent of RNA however 
remains constant (Maden, 1971) aid during lysine or valine 
starvation similar effects are observed but, in addition, there 
exists a ribosomal subunit imbalance indicating abortive 
synthesis (Maden, 1969)» Similar effects are obtained for 
a variety of other amino acids (Maiden, 1971(b) ). During 
complete inhibition of protein synthesis by cycloheximide 
(Willems, Penman & Penman, 1969, Craig % Perry, 1970) the 
nucleolus still produces mature ribosomes at a highly reduced 
rate, the rate of 45s RNA synthesis declines but the intra- 
nucleolar content remains constant. After prolonged inhibitier 
the export of ribosomes is however greatly reduced. Inhibition 
of protein synthesis by puromycin docs not spnear to impair 
45s rRNA syn the si iruior its cleavage to 3Ps and IBs rRNA, , but 
no HNA leaves the nucleolus (Soiero, Vaughan & Darnell, 1968), 
Together these data suggest that rRNA production in eukaryotes 
is regulated by the actual level of protein synthesis and by
a mechanism distinct from that in  coli where the control
mediated by the cytoplasmic product of a particular genetic
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locus, the HC locus, (Edlin & Broda, 1968) but Willems ôt
(1969) have suggested that rRNA synthesis may be controlled 
by the intrsinucleola.r level of 3Ps rRHA„
Aims of the present work•
Polyacrylamide gel electrophoresis of extracts of 
mammalian cell cytoplasm has revealed the presence of 
a number of hitherto undetected low molecular weight 
RNA species. The aim of the present study was to 
investigate the nature of these RNA species in the 
cytoplasmic fraction of normal, malignant and virus 
transformed animal cells. It was proposed to 
characterise these molecules with respect to their 
mode of synthesis; their relationship to one another 
and to the other RNA species present in these sub- 
cellular fractions; to investigate their content of 
methylated nucleosides and their precise location 
within the cell. With a view to investigating their 
possible function within the cell it was also proposed 
to examine the association of these RNA molecules with 
subcellular particles and their possible release from 
them; their pattern of synthesis in relation to the 
cell division cycle and the effects of a variety of 
metabolic inhibitors upon their synthesis and 
subsequent metabolism.
MATERIALS & METHODS
MATERIALS
(A) BIOLOGICAL 
Tissue Culture Material
BHK“ 2l/C13 cells and the transformed cell lines BHK-?l/ 
SR8/V1 and BHK-2l/PyY were a continuous line of hamster 
fibroblasts after McPherson and Stoker,(196?).
Brain heart infusion broth and Sabouraud medium, utilised 
in the analyses of cultures for contamination by bacteria 
and yeast, were obtained from Oxoid Ltd., London. . Difco 
Laboratories, Detroit I, Michigan, provided
trypsin, agar, PPLO broth for production of PPLO agar 
plates, and Difco/Eaoto tryptose phosphate broth. Calf 
serum and penicillin/streptomycin were purchased from Flow 
Laboratories Inc., Irvine, Scotland.
ComDOsition of Media and Standard Solutions 
(a) Eagles medium(Glasgow modification), Busby, House and 
McDonald, (1964) containing 100;rg/mil streptomycin, 100 units 
/ml penicillin, 0.?^g/ml of an antimycotic agent, n-butyl, 
p-hydroxy benzoate and 0.00?/i(w/v) phenol red was the growth 
medium used for propagation of the cells.
EC^q medium consisted of Eagles medium supplemented -wi th 
10^(v/v) calf serum.
ETGio medium consisted of Eagles medium supplemented with 
10^(v/v) calf serum and 10;>o(v/v) tryptose phosphate broth.
/ / o
Tryptose Phosphate Broth was a. ?.95:'Kw/v) solution of Difco 
Bacto tryptose phosphate broth in distilled water.
Buffered Saline Solution (J3S3) consisted of 0.116M NaCl,5.4niM 
KCl, IraM , litiM NaH^PO^p 1.8mM CeCl^ and Ü.Q02^(w/v) phenol
red. This mixture was adjusted to pHT.O by the addition 
of 8,4%(w/v) haliCO^,
Phosphate Buffered Saline (PBS) consisted of 0.17M NaCl,
3,4mM KOI, lOmM Na^HPO^ and P.4M KH^PO^ and was adjusted 
to pH7.4»(Dulbecco & Vogt, (1954)*
Versene was 0,6M. disodium ilDTA in PBS solution A. to which 
was added 0,002^(w/v) phenol red.
Trypsin/versene was a 0,05/^(w/v) solution of trypsin in 
versene.
Ix 3SC was a solution of 0.15M NaCl and 15mM trisodium 
citrate adjusted to pHT.O with HCl,
?x SSG was 8 solution of 0,3M NaCl and 30mM trisodium 
citrate adjusted to pH7.0 with HCl.
(B) CHEMICAL
(a) General
Sodium deoxycholate, disodium EDTA, and bentonite powder 
were obtained from BDH-Biochemicals Ltd,, Poole, Dorset.
Trizms base, glycine, adenine, thymidine and L-amino acids 
were purchased from Sigma London Chemical Co, Ltd,, London, 
S*W,6, Tween 80 and sodium dodecyl sulphate were from
Koch-Light Laboratories Ltd., Colnbrook, Bucks, England 
Esch. c o l K  strain B.) soluble RNA was purchased from 
Calbioohern Ltd., Los Angeles, California, U.S.A.
CsCl(Analar grade) was obtained from Hopkins & Williams 
Ltd., Chadwell Heath, Essex,
(b) Drugs and Inhibitors
Actinomycin D was obtained from Calbioohern Ltd., London 
and also from Merck, Sharpe and Dohme Inc., Rahway, New 
Jersey, U.S.A. Ethidium bromide the generous gift of
Dr. JoD.Pitts of this department and oi-Amanitin was 
purchased from C.H.Boehringer Sohn, Abtielung Chemikalein, 
6507? Ingelheim am Rhein, Germany, A generous gift of 
Img of this drug from Dr. J.Szilagyi, Institute of Virology, 
University of Glasgow is also gratefully acknowledged. 
Puromycin dihydrochloride and Cordycepin were obtained from 
Sigma London Chemical Co., London S.W.6. Toyoca.mycin was 
a generous gift from Dr. Acs. Institute for Muscle Disecise, 
New York,
(c) Enzymes
Electrophoretically purified RNase and DNase were obtained 
from Sigma London Chemical Co., Ltd., London, S.V/.6.
Pronase grade B was purchased from Ca.lbiochera Ltd., Los 
Angeles, California, U.S.A. Pronase was used at a final 
concentration of lOO^Ag/rnl and was auto-digested at 
for ?h prior to use to remove any contaminating nucleases.
(d) Acryla.mido p;el materials
Acryls.mide was obtained from Eastman Organic Chemicals Ltd., 
Rochester, New York, U.S.A. Methylene bisccrylamide and 
ammonium persulphate were purchased from BDH-Biocheraicals 
Ltd., Poole, Dorset. N,N,N‘,N',-tetramethylethylenediamine 
(ÏEMED) was provided by Koch-Light Laboratories, Colnbrook, 
Bucks.
( e ) Autoradior^ ranhic ma terials
Nuclear Research emulsion(type L4) and ID19 developer fluid 
were provided by Ilford Ltd., Ilford, Essex. Amfix fixative 
solution was purchased from May and Baker Ltd., Dagenham, 
Essex. Haematoxylin/Eosin, obtained from BDH-Biochemicals 
Ltd., Poole, Dorset, was used as an 0.01^(w/v) solution in 
distilled water. Gierasa stain was a suspension of 1.5?^(w/v) 
Giemsa in glycerol heated to 56^C for 90 min, then diluted 
with an equal volume of methanol.(Dancie, 1956).
(f ) Chroma tographi c ma terials
Senhadex GlOO was obtained from Pharmacia Ltd., Uppsala, 
Sweden. Whatman No. 1 filter discs and filter paper 
were purchased from H. Reeve-Angel & Co. Ltd., London, 
England.
(g) Hsdj^is^topes
-guano sine (4. 5-5.0 Ci/mraol ), [g -'^ h ]- uridine (4*?5 
Ci/mmol) -uridine (Ci/ramol), uridine (6?mCi/mmol)
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L-j^^Me-^hj-methionine (8,3 Ci/mmol), L-fMe-^^cJ'methionine 
( 56.8mCi/:nmol) 5 [ô-^nj-thymidine ( 25. Ci/mmol ), -
thymidine (17.4Gi/mmolj a n d - o r t h o p h o s p h s t e ,
(37“78Ci/mg P) were purchased from the hadiochemical Centre, 
Amershem, Bucks, England.
(h) Chemicals for scintillation snectrometry 
Hyamine hydroxide, IM in methanol and naphthalene were 
purchased from Nuclear Enterprises (G.B.) Ltd., Sighthill, 
Edinburgh. Koch-Light Laboratories, Colnbrook, Bucks, 
supplied P.5 dinhenyl oxazole and dioxin. BDH-Biochemicals 
Ltd., provided 2-methoxyethanol and 30^(w/v) hydrogen 
peroxide. Cellulose acetate filters, 0.45)^ pore size 
(HAWP02500) v/ere obtained from Millipore (U.K.) Ltd., 
Wembley, Middlesex. Membrane filters, 2.5cm diameter 
0.45jn pore size were also obtained from Santorius- 
Membranfilter GMBH, 34, Gottingen, West Germany.
(i) Fluids for scintillation snectrometry
Toluene based scintillation fluid was prepared by dissolving 
5g 2,5 diphenyl oxazole in 1 litre of Analar toluene at 
room temperature and storing this at room temperature.
Dioxan based scintillation fluid was constituted by 7g of
2,5 diphenyl oxazole dissolved with lOOg naphthalene in 1 
litre of scintillation grade dioxan. A scintillant 
consisting of 4 parts 2-methoxyethanol to 6 parts toluene
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based scintillator was routinely used for the assay of
"Z 1 /
li/ C in acrylamide gel samples (methods section 5b). 
Miscellaneous
All other chemicals were, wherever possible, Anala.r grade 
or its equivalent. Beckman Spinco Ltd., Palo Alto, 
California., U.S.A., supplied cellulose nitrate tubes 
(^" X 2", 1" X 3" and 9/16" x 3l^')* Macaloid powder 
was obtained from Texas Lead Co., Houston, Texas, U.S.A.
Minimum essential medium (Glasgow modification )
AMINO ACIDS 
L-Arginine HCl 42.1
L-Cystine 24.0
L-Glutamine 292^0
L-Histidine HCl 19,2
L-Isoleucine 52.5
L-Leucine 52.5
L-Lysine HCl 75.1
L-Methionine 14.9
L-Phenylalanine 35.0
L-Threonine 47.6
L-Tryptophan 8.2
L-Tyrosine 36.2
L»Valine 46.9
VITAMINS mg/l.
D-Calcium
pantothenate 2n2.0
Choline Chloride 2.0
Folic Acid 2.0
i-Inositol 4.0
Nicotinamide 2.0
Pyridoxal HCl 2.0
Riboflavin 0.2
Thiamin HCl 2.0
INORGANIC SALTS AND OTHER C0I4PQNENTS
NaClCaCl .2Hgp
Dextrose
Fe(N0^)^.9H^0
KGl
MgS0^.7H^0 
lO^ x^ritts R
• 264.0 
4500.0 
0.1 
4400.0 
200.0
e«ecj
jm I.
Ml HI y 1» tre
Sbr-^pbor^C'A
NaHgP0^.2Hg0 
Phenol Red 
NaHCO^
6400.0
140.0
17.0
2750.0
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METHODS
A. BIOLOGICAL
1) Cell Culture Systems
BHK-21/C15 cells, BHK-21/3R8/V1, and BHK-21/PyY cells were
routinely cultured as monolayers in rotating 80oz winchester
bottles essentially according to the method of House and
Wildy(1965). The cells were seeded initially at a
7
concentration of 2 x 10 cells per bottle in 180ml ETC^g 
or EC^g, the buffering capacity of which was maintained 
by an atmosphere of 59^(v/v) CO^ in air, and the culture 
maintained at 37^C for 2 - 3  days, at which time the cell 
density had reached approximately 4 x 10^ to 10^ cells 
per bottle. The cells were then removed from the glass 
by treatment with trypsin/versene, suspended in ETC^^ 
and dispensed, in appropriate concentrations in 100ml 
ETC^g, into 80oz winchester bottles, or in 5ml amounts 
into plastic 60mm petri dishes, for experimental procedures. 
AJ.though the ETC^g (Glasgow modification) (Busby, House and 
McDonald, 1964) contained antibiotics as detailed in the 
opposite table, the cultures were routinely examined for 
contamination by the following methods.
Bacterial contamination was monitored by blood agar plates 
and brain/heart infusion broths, while contamination by 
yeast and fungi was checked by incubation in Sabourauds
Growth characteristics of BHK-21/Cl5 cells
Fig. II.1
Growth
Cultures of BHK-21/C13 cells containing either 1,5 x 10
cells in 10ml EC|q , or 2 x  10^ cells in 10ml of were
grown in 4oz. bottles at 37 After appropriate times .
the medium was removed from duplicate cultures and the 
cell monolayers bathed with 5ml of trypsin solution.
The cells were then removed from the glass in 10ml of EC|q 
and an aliquot of this suspension counted in a haemocyto- 
meter slide. The cell, counts were estimated as the 
average of three fields per culture.
Growth of cells in ECj^ cj-— ) 
Growth of cells in ETCn^(— o — )
(b) Isotope incorporation,
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Cultures of BHK-21/C13 cells containing 2,5 x 10 cells 
in 3.0ml of ETCjQ in 60mm petri dishes were grown at 37*^0 
for 12ht- Each dish was then inoculated with 5;^Gi of 
[^H]-uridine (1.52Ci/mmol) and the cultures exposed to 
the radioisotope for appropriate times. After this 
exposure time each dish was washed three times with ice 
cold BSS, three times with ice cold 5^(w/v) trichlor­
acetic acid and the cell monolayer then dissolved in 1.5 
ml of 0.3N KOH, The resultant solution was then evapor­
ated to dryness and the residue treated with 0,5nil of 
hyamine hydroxide at 6 0 for 30min, before adding 10ml 
of a toluene based scintillant and estimating the 
incorporated radioactivity by liquid scintillation 
spectrometry.
Acid insoluble radioactivity cpra (— o — )
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mediumo The cultures were also routinely exemined for 
contamination by pleuropneumonia-like-~orge.nis.ms (PPLO) 
by the method of Fogh and Fogh (1964) or by growth of the 
cultures on PPLO agaru Samples of the cell suspension were 
taken up in a sterile pasteur pipette and inoculated into 
the solidified agar by puncturing the surface approximately 
10 times with the pasteur pipette, thus allowing the 
cells to spread out in the agar in a number of different 
locations and facilitating their location for microscopic 
examination* The PPLO assay plates were incubated in 
an atmosphere of 5/^(v/v) CO^ in nitrogen in an anaerobic 
Leyden jar for 7 days at 37^0* After this incubation 
period the plates were examined by microscopy for the 
appearance of characteristic fried egg colonies of PPLO 
infected cultures* As a check on the efficiency of the 
method a. culture of bHK-Pl/015 cells known to be infected 
with known strains of PPLO was assayed simultaneously.
All glassware and pipettes used in tissue culture methods 
were steeped in chloros or CMS overnight, washed 
thoroughly, rinsed in distilled water and sterilised by 
autoclaving at 15p*R*i. for 45 mins.
2) HarvestiUiS: of cells from exnerimental cultures 
Cells were harvested from experimental cultures by 
one of the following procedures:-
815.
(s) After exposure of the cell monolayer to isotopically 
labelled HNA precursors for the appropriate time period, 
the growth medium was removed and the cell sheet washed 
with two successive 25ml portions of ice cold bSS. The 
cells were then removed from the glass by treatment with 
a 10ml volume of trypsin/versene, suspended in 25ml ice 
cold ETC^Q and collected by centrifugation at 800g for
2.5 min at 4^C.
(b) The ’'labelled'* cell monolayer was washed twice with 
25ml portions of ice cold BS3 and the cells removed from 
the glass by scraping with a rubber ’’windscreen wiper” 
into 25ml ice cold BBS* The cells were pelleted by 
centrifuge tion at 800g for 2.5 min and washed with tv/o 
10ml volumes of ice cold BSS.
3) Cell Synchronisation Procedures
Cell cultures v/ere synchronised by the inhibition of DNA 
synthesis by one of the following techniques:-
(a) Aminopterin Induced Synchrony:- Cultures were grovm 
for approxirria,tely 18h in rotating BOoz winchester bottles 
as previously described. Aminopterin (POOnM), adenine 
(0,7mM) and glycine (0.3m?0 v/ere added and after 
approximately 12h the block' imposed on J3NA synthesis was 
released by the addition of thymidine (0.3mM).
The cultures were then exposed to radioactive HNA precursors 
for the appropriate time and the cells harvested as described
ÜD
.0
above.
(b) Thymidine Induced Synchrony:- Cultures grown as 
described above were synchronised by treatment wi th 5mM 
thymidine for 10 - 12h at 37*^0. The block imposed on 
DNA synthesis by this treatment was reversed by washing 
the cell sheet wi th three 50ml portions of prewarmed ETC^, 
and then adding 100ml prewarmed FTC^,^ for continued growth. 
The cultures were then exposed to isotopically-labelled 
HNA precursors and the cells harvested as previously 
described.
4) , , '
At the same time as the above synchronisation treatments 
were performed, smalD.er cultures (10 cells/60mm petri 
dish) of the same batch of cells were blocked w-ith 
aminopterin or thymidine as detailed above. However 
after release from the block, ^ C i  thymidine (17.4
Ci/mmol) were added to each culture for Ih periods, at 
various times after release, in order to follow the rates 
of DMA synthesis as judged by the incorporation of 
thymidine. Each monolayer culture so labelled was 
washed three times with 3m 1 ice cold BBS, and. DMA 
extracted and assayed by one of the following procedures
(a) The washed cell monolayer was further washed with three 
portions of ice cold 5/(w/v) trichloracetic acid and
U i ,
dissolved, in 1.0ml of 0.3MK0M and the resulting solution 
evaporated to dryness. The vials were then allowed to 
cool. 4.75ml of toluene based scintillation fluid 
together with 0.?5ml of hyamine hydroxide were added and 
the radioactivity estimated by linuid scintillation 
spectrometry.
(b) The washed cell monolayer was lysed by exposure to 
3ml of bbü containing lyiw/v) Bub for 5 min at room 
temperature. The lysate was quantitatively removed, 
made IM with respect to sodium perchlorate, and shaken 
vigorously with an equal volume of chloroform-isoamyl 
alcohol (24:ly by vol). The emulsion was separated by 
centrifugation at 10,000g, the aqueous phase removed, made 
5^(w/v) with respect to trichloracetic acid and acid pre- 
cipitable radioactivity collected on membrane filters and, 
after drying, radioactivity assayed by liquid scintillation 
spectrometry. The efficiency of the synchronisation 
procedure was frequently checked by autoradiography.
5) Autora.diogranhy
Autoradiography of synchronised cell populations was 
carried out as followss-
The ^labelled” cell monolayer was washed twice with 3ml 
portions of ice cold BS3, three times wi th 3ml volumes of 
ice cold 5j^(w/v) trichloracetic acid and once with a 3ml
oo
volume of absolute ethanol* The dishes were then dried 
at 1.0ml nuclear track emulsion (type L4) spread
evenly over each dish in a very thin layer and the dishes 
exposed for 7 days. After this exposure time the dishes 
were develoned in ID19 developer for ? min, followed by 
2 rnin in a 1 in 5 dilution of Amfix. Dishes were then 
immediately rinsed in running tap water and stained in 
O.l^Kw/v) ammonaical Haema.toxylin/Eosin or in Giemsa 
stain. Microscopic examination showed background grains 
to be a, minimum and labelled nuclei were counted over an 
average of 3 fields per dish.
(B) M  OCR ™  GAL
1) Purification of bentonite
Bentonite was purified essentially according to the method 
of Praenkel-Conrat, Singer and Tsugita (1961). Approximately 
60g bentonite powder was suspended in 400ml distilled 
water by homogenisation and centrifuged at 800g for 15 min.
The supernatant fraction was receatrifuged at 8500 rev/min 
for 20 min and the sediment from this was then resuspended 
in O.IM disodlura EDTA(pH7.0) for 48h at ?5°C. The EDTA 
suspension was then centrifuged differentially and the 
8500 rev/min sediment suspended in O.OIM sodium acetate 
(pH 6.0) and again centrifuged at 8500g for 20 min.
The sediment from this was then taken up in O.OIM sodium
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acetate (pH 6.0) to a concentration of l«5/^(v//v) as 
determined by dry v/eight estimation. The solutions were 
then sterilised by autoclaving at 15p«s.i. for 30 min.
2) Purification of Macaloid
Macaloid powder was suspended in distilled water to a 
concentration of lcO/(w/v) and the solution sonicated in 
an MSE sonibath for 3 to 4 min. This solution was 
then dialysed against 100 vol distilled water at 4*^ G 
overnight. The supernatant dialysate was removed and 
sterilised by autoclaving at 15p.s.i. for 30 min. This 
stock solution was sonicated for 3 “* 4 min just prior to 
use and was used at a final concentration of 0*.001^(w/v) 
in RMA or subcellular preparation technioues.
3 j Preparation of Hubcellular Erections
(a) Nuclei ;- Nuclei were prepared from cell pellets by 
one of the following techniques?-
(1) Nuclei were prepared by a modification of the method 
of Fisher and Harris (1962). The cell pellet obtained 
from cell cultures as previously described was suspended 
in 5ml of 1.0/^w/v) Tween 80 and homogenised in a glass/ 
teflon Potter type horaogeniser. The resultant homogenate 
was centrifuged at 2,000 rev/min for 5 min, the pellet 
resuspended in 5ml l,0%(w/v) Tween 80 and homogenised again 
in ice. The homogenate was again centrifuged at
2,000 rev/min and the pellet suspended in 5ml of Ix S3C, 
layered over 3 volumes 0.33M Sucrose in 0.5M ammonium 
8 ce ta, to (,pH 5.1) and centrifuged at 2,500 rev/rain for 
15 min at 4^0. This process was repeated until nuclei 
free of contaminating cytoplasmic tabs were obtained as 
judged by phase contrast microscopy.
(2) Nuclei were prepared according to the method of Penman 
et a2(1967). Briefly, the cells are suspended and washed 
in hypotonic RSB buffer (0.OOlM-NaCl, 0.003-MgCl^, ü.OlM- 
Tris, pH7*4) and allowed to swell in this buffer in ice for 
10 min. The cells are then ruptured by homogenisation in 
a. glass/teflon homogeniser and the crude nuclei are deposited 
by centrifLigation at 2,500 rev/min. The nuclei are washed 
once more in RSB buffer and then resuspended in RSB buffer 
and treated with a detergent mixture of 10%(v/v)
Tween 80/1096(w/v) sodium deoxycholate (2:1, by vol) and the 
nuclei, which now have their outer nuclear membrane removed, 
are collected by centrifugation.
(b ) Nucleoli and Nucleoplasm
These fra.ctions were prepared according to the method of 
Penman £;b al( 1967). Detergent cleaned nuclei, prepared 
as described above, were resuspended in 1.0ml of HSB 
buffer (0.5M NaOl, 0o05M-Mg(Jl^, O.OOIM-Tris, pii 7.4) and 
treated with lOOpg/ral electrophoretically purified DNase
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at room temperature for 2 min to digest the DMA of the 
chromatin. The digested nuclei were then layered over 
a linear gradient of 15?^(w/v) to 30^Hw/v) sucrose in 
HSh buffer and centrifuged for 20 min at 22,000 rev/min, 
in an SV/25.1 rotor of a Beckman model L ultra.centrifuge 
at 4^C, to yield a nucleolar pellet and the nucleoolasmic 
contents spread throughout the gradient. The gradient 
was decanted, made Oo5f^(w/v) with respect to sodium 
dodecyl sulphate, and precipitated with two volumes of 
absolute ethanol to yield a pellet of riucleoplasmic 
material which was suspended in 0.05M-ammonium acetate 
for extraction of the nucleoplasmic RNA. The nucleolar 
pellet was similarly suspended in 0.05M~ammonium acetate,
(c) Oytonlasmic Components
The cells, after incubation with appropriate additions, 
were washed and harvested as described in section A2, 
suspended in 3ml of RSB buffer and collected by 
centrifugation* The cell pellet was resuspended in 
3ml of RSB buffer containing 0.5%(w/v) bentonite and 
allowed to stand for 10 min in ice. The suspension of 
swollen cells was then homogenised for 1.5 min in a glass/ 
teflon Potter tyne homogeniser or in a hand horaogeniser 
and the resultant homogenate centrifuged at 2,500 rev/min 
to deposit the crude nuclei and any unbroken cells.
The supernatant fraction was retained and the pellet 
was resuspended in 1,0ml of RSB buffer by vigorous pipetting 
and repelleted by centrifugation. The supernatant from 
this step was retained and combined with the previous one 
to yield a cytoplasmic fraction.
This cytoplasmic fraction was then centrifuged at 12,000g 
for 15 min in an MSE 18 centrifuge to yield a fraction 
rich in mitochondria. This sediment, after resuspension 
in O.O5M ammonium acetate was further purified by . 
layering it over a linear gradient of O.BM - 1.2M sucrose 
in NET buffer (0,001M-.Ka.Cl, O.OOIM disodium EDTA, O.OIM- 
Tris, pH 7 .4) and centrifuging at 25,000 rev/min for 
30 min in an SV/ 25,1 rotor in a model L ultracentrifuge to 
give a purified mitochondrial pellet (Penman ejb ^  1969), 
which was then resuspended in 0.05M ammonium acetate 
for extraction of the RNA. The supernatant from the 
12,000g spin was further centrifuged at 140,OOOg for 
90 min to sediment microsomal material and to yield a. 
supernatant fraction referred to as cell sap (Burdon 
& Clason 1969)f The pellet from this treatment was 
resuspended in 0.05M ammonium acetate for extraction of 
RNA and referred to as the microsomal fraction.
(d ) Polysomes
Polysomes were prepared essentially according to the method
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of Penman e_t al (1967).
When polysome nreparations were reouired these were 
prepared frora cytoplasmic fractions, derived from labelled 
cell pellets as described in Methods section 3(c) but 
in the presence of O.OOiyo Macaloid rather than bentonite
as it was found that bentonite interfered with the
harvesting of CsGl gradients, when such preparations were 
examined by GsGl gradient analysis. The cytoplasmic 
fraction was treated with 0.12 vol of 10/o(w/v) sodium 
deoxycholate and layered over a linear gradient of 15^(w/v) 
to 30‘/(w/v) sucrose in TKM buffer and centrifuged at
25,000 rev/min for 3h at 4^0 in an 3W25.1 rotor of a 
Beckman model L ultracentrifuge. The gradient was 
harvested in l.Oral fra.ctions, the extinction being auto­
matically monitored and recorded by passage of the sample 
through the flow cell of a Gilford recording spectrophoto­
meter. Frequently a pellet of polysome material was 
obtained by layering the deoxycholate treated‘cytoplasmic 
fraction over 2.0ml of 2M sucrose in TKM buffer, overlayered 
with 1.0ml O.5M sucrose in TKM buffer and centrifuging
at 40,000 rev/min at 4^0 in sn SV/50 rotor of a model
h ultra centrifuge.
(e ) Ribosomes
Ribosomes were prepared (according to the method of Pane
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et al 1968) from cytoplasmic fractions, derived from 
labelled cell pellets in the presence of 0,001%(v//v)
Macaloid as described above, by the following procedure 
The cytoplasmic fraction was treated v;ith 0,05 vol 
10/o(w/v) Tween 80, then with 0.05 vol 10/l(v7/v) sodium 
deoxycholate and 0.08 vol IM MgCl^ and allowed to stand 
in ice for 45 - 60 min. After this time the ribosomes 
were pelleted by centrifugation at 10,000 rev/min for 
10 min and the pellet rinsed once with ?ml RSB buffer.
The ribosomal pellet was then resuspended in 0.05M 
disodium EDTA by hand homogenisation in a glass/teflon 
horaogeniser and centrifuged through 15%(w/vj to 30}o{\t/y ) 
gradients of sucrose in disodium EDTA to display the ribosomal 
subunits.
4 ) RNA .. I sol a t f on
(a) Olassware and solutionsI II wiian m iJi .w ii» i nif n .1,1
All glassware used in the preparation of RNA was either 
flamed immediately before use or autoclaved at 15p.s.l. 
for 30 min, end all solutions end media were sterilised 
by autoclaving to remove contaminating nucleases. Visking 
tubing for dialysis was boiled in 0.107^1 w/v) sodium 
dodecyl sulphate and disodium EDTÂ for 15 min then rinsed 
with sterile dialysis medium.
After incubation of cells with appropriate additions,
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washing and harvesting as described, RNA was isolated frora 
intact cells or from isolated cellular components. The 
following techninuGS were employed
(a) Gold Phenol toobni'^ue
This was either applied directly to intact cells or to 
isolated subcellular fractions and was essentially the 
method described by Burdon et al (1967). To a 
suspension of intact cells or subcellular components in 
3m1 of 0.05M ammonium acetate (nh5.1) was added 0.5ml 
of 1.5/Hw/v) bentonibe (purified as described in Methods 
section Bl,) together with 3ml 80/>(w/v) phenol equilibrated 
with the same buffer. The mixture was shaken thoroughly 
for 2 min and the resultant emulsion separated by centri­
fugation at 10,OOOg for 10 rain. The aoueous phase was 
then added to a further 3ml 807o(w/v) phenol and 0.5ml 
of 1.57>(w/v) bentonite and re-extracted as above. The 
aqueous phase from this was then precipitated v/ith 2 vol 
absolute ethanol, deposited by centrifugation at 2,500 
rev/min and then resusoended in 0.5ml of 0.05M ammonium 
acetate (phi 5*1). This solution was then centrifuged 
at 18,000 rev/min in an MSE IB high sneed ceitrifuge for 
5 min to remove the bentonite and the supernatant added 
to 2 volumes of absolute ethanol. RNA was collected 
after 18h at -20^0 by centrifugation at 10,OOOg for 10 rain
yu e
at 4^0. The RNA pellet was drained, dissolved in 1.0ml 
0.05M ammonium acetate (pH 5.1) and reprecipitated from 
2 vol. absolute ethanol at -20^0.
(b) Hot Phenol-sodium dodecyl sulohate technique 
This was carried out essentially as described by Burdon 
and Clason (1969)
Intact cells or subcellular fractions (mitochondria, nuclei, 
nucleoli and nucleoplasm) in 0.05M ammonium acetate (pH 5.1) 
were made 0.1%(w/v) with respect to sodium dodecyl-sulphate, 
0.5/Kw/v) with respect to bentonite (purified, as in section 
Bl) and shaken at 60^0 for 5 min with an enual volume of 
807;(w/v) phenol equilibrated with the same buffer. The 
resultant emulsion was separated by centrifugation at 
10,OOOg for 10 min in an MSE 18 high speed centrifuge at 
4^C. The aqueous phase was then re-extracted with a 
further portion of phenol/sodium dodecyl sulphate in the 
presence of 0. 5/^(w/v) bentonite. The aqueous phase from 
this extraction was precipitated with 2 vol absolute ethanol 
at -20^0 for 18 h and the precipitate collected by centri­
fugation at 2,500 rev/min for 10 min at 4^0. The pellet 
was drained, dissolved in 1,0ml 0 .05M ammonium acetate buffer 
(pH 5.1) and centrifuged at 18,OOOg for 5 min to deposit the 
bentonite and the supernatant decanted into 2 vol absolute 
ethanol. RNA was collected after 18h by centrifugation
at 10,000g for 10 min. The RNA pellet was drained, dissolved 
in l.Ornl 0.05M ammonium acetate buffer and reprecipitated 
from 2 vol absolute ethanol at -20^0.
On occasions when the time of exposure to isotopically- 
labelled RNA precursors was short (of the order of 5 min or 
less) the growth odium was ouickly decanted from the 
culture and 10ml of ice cold pheno1-ammonium acetate- 
bentonite extraction mixture added directly to the cell 
monolayer in the 80oz winchester bottle or Roux flask. The 
bottle was then shaken vigorously for ? min and the emulsion 
removed by pipette for further extraction as described above. 
RNA samples isolated by the above procedures were suspended 
in either (a) 1.0ml of 0.05M ammonium acetate (pH 5.1) for 
gel filtration studies or sucrose gradient analyses, or
(b) in 0.5ml 0.05M ammonium acetate (pH 5.1) containing 
107(w/v) sucrose and bromophenol blue (0 .17(w/v)) for 
examination by polyacrylamide gel electrophoresis, or (c) 
stored as an alcoholic slurry in ? vol absolute ethanol 
containing 0.01/(w/v) sodium dodecylsulphate.
5) RNA Fractionation
(a) Gel Filtration Studies
These were carried out on long columns of Sephadex G100 
at 4^0 essentially according to the procedure of Galibert, 
Larsen, belong and Boiron (1965) with 0.05M ammonium acetate
(pH 5*1) as the eluting buffer. This procedure affords 
a separation of,high molecular weight RNA, which is excluded 
from the gel matrix, from the lower molecular weight 5a 
and 4s components as indicated in fig# 14)3ml fractions of 
the eluate were collected in tubes containing 2 drops 
of 1.07;(w/v) sodium dodecylsulphate, and each fraction was 
examined for extinction at 260nnu Sodium dodecylsulphate 
was added to the tubes to minimise the risk of degradation 
of the RNA by contaminating nucleases.(Burdon et al(1967). 
Fractions were made with respect to trichloracetic
acid and the acid insoluble radioactivity collected on 
membrane filters and assayed by liquid scintillation 
spectrometry, (section 7).
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High molecular weight RNA was examined by electrophoresis 
on gels containing 2.5/(vr/v) acrylamide and low molecular 
weight materis'l was examined in gels containing 7.5/(w^v) 
acrylamide in a vertical tube system by one of the 
following procedures:-
(1) This was a system similar to that described by 
Loening (1967). The following stock solutions were 
prepared:- (A) 20/(w/v) Cyanogum 41 in distilled water,
(B) 8ml of N , N , N ' ,N \ -tetramethylethylenediamine in '^50ml of 
0.32M-Tris-0.26M sodium acetate 0.016M disodium KDt A buffer
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(pli 7.8), (G) lÜ/(w/v) ammonium persulphate in distilled 
water. These solutions were mixed as follows to provide 
a 7.5/(w/v) gel; 2 parts (A): 1 part (B):0,15 parts (G):
2.45 parts distilled water, and 2,0ml portions of this mixture 
were pipetted into 5mm x 120mm glass tubes. The surface 
of the gel was overlayed with a small volume of water and 
the gels polymerised in spproxiraately 5 min. Electrophoresis 
of lOOjul samples of HNA preparations dissolved in 0,05m 
ammonium acetate buffer containing 10/(w/v) sucrose and 
bromophenol blue was then carried out at room temperature 
at 5ma per gel in 0.04M-Tris-0.035M-8odium acetate-^mM 
disodium EDTA (pH 7.8) buffer. The gels were run in this 
system until the bromophenol blue marker dye, added with the 
KNA sample, was approximately 1cm from the end of the gel.
The gels were then removed, stained in 0.1/(w/v) toluidine 
blue in distilled water (Mclndoe and Munro, (1967) for 
30 min and after destaining in distilled water overnight, 
were scanned for optical density using a Vitatron universal 
densitometer fitted with a U1 red absorption filter. After 
scanning, the radioactive gels were frozen in powdered 
Drikold, fractionated into 1mm segments and these treated 
for assay of radioactivity as described in section 5,3b.
(2) This was a modification of the method of Ornstein and 
Davis (1964).
lUüo
The following stock solutions were prepared from acrylamide 
and methylene bisacrylamide purified as described below :-
(a) 3 0 / ( w / v )  acrylamide, 0.8/(w/v) methylene bisacrylamide 
in distilled water, (b) 0,46ml N,N,N*,N*,-tetraraethylethylene- 
àiamine in 100ml 0.3M-Tris/HCl(pH 8.2), (C) 10/(w/v) 
ammonium persulphate in distilled water, 7,5/ gels 
were prepared by mixing these solutions as follows :- 
1 part (A) ? parts (B) 0.25 parts (C) 0.75 parts distilled 
water. The gels were cast and run at 5ma per gel,, stained, 
destained and scanned as described in (l) above. Radioactive 
gels were treated as described and assayed as in section 5,3b.
(3) This was the system described by Boening (1967).
(a) Recrystallisation of the monomers
Since many impurities found in commercial preparations of 
acrylamide and methylene bisa.crylaraide are UV absorbing 
materials and would therefore interfere with the UV scanning 
of acrylamide gels, the monomers were first purified as 
described belov/.
Approximately 150g acrylamide was dissolved in 21 of AR 
chloroform at 60^C and the solution was filtered hot.
Crystals were recovered by filtration in a chilled filter 
funnel after 18h at -20^C. The crystals were washed briefly 
with cold chloroform and then dried in an oven at 37^C.
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Bisacrylamicle was dissolved in acetone ( approximo tely
lOg/l. at 50^G end filtered hot. The solution wo.s then 
allowed to cool slowly to “ 20*^C and the crystals were 
recovered and washed with acetone by filtration.
(b) Preparation of gels
For the preparation of 2.5/ gels a. stock solution containing 
15/(w/v) acrylamide, 0.8/(w/v) methylene bisacrylamide, 
purified as described above was prepared. For the pre­
paration of 7.5/ gels a stock solution containing 30/(w/v) 
acrylamide, 0.8/(w/v) bisacrylamide was used. Suitable 
volumes of these solutions were mixed with appropriate 
quantities of 0.36E-Tris™0.3M”NaH^PO^-lOraM disodium EDTA 
(pH 7.8) and water to give the desired concentration of 
acrylamide. 33^1 of I'l*,N*,-tetramethylethylenediamine
and 0.33ml of 10/(w/v) ammonium persulphate were added per 
gram of acrylamide present. The solution was then mixed 
and 2.8ml aliouots dispensed into 50mm x 120mm glass or 
plexiglass tubes. The gels were overlayed with a small 
volume of water and allowed to polymerise at room temperature 
The 2.5/ gels polymerised in 10 to 15 min, while the 7.5/ 
gels only required about 1 min to polymerise. The gels were
then pre-electrophoresed at 5ma per tube for 30 min in 
0.036M--Tris-0.03M-NaHpPü^-ImK disodium EDTA (pH 7.8).
100;il to 200;a1 samples of RNA dissolved in the appropriate
buffer (section 4b) were then layered on top of the gels end 
eloctrophoresed at 5ras oer gel for a suitable ti.ne in this 
buffer system e t room temnerrture. f ter electrophoresis, 
the gels were removed and scanned for extinction at P60nm 
in the linear transport system of a (iilford recording 
spectrophotometer• Radioactive gels were frozen, sliced
into 1mm segments, and radioactivity assayed by the procedures 
described below.
(b) Assay of radioactivity in polyacrylanijde gel slices 
P'^l^-labelled gel slices were dried on 2.5cm diameter Whatman 
NOc* 1 filter discs and radioactivity assayed by low back­
ground gas flow counting or by liquid scintillation 
spectrometry in a toluene based scintillator. and [?^c] "
labelled samples were assayed for radioactivity by one of 
the following procedures.
(l) The gel slices were dried in scintillation vials by 
incubating at 60^0 for 2h 0.5^1 of 30/(w/v) hydrogen 
peroxide was then added per vial, the vials capped and 
incubated at 60^C for 18h. After this period the gel 
slices hadlneen totally dissolved and 10ml of scintillator 
consisting of 4 oa.rts 2-methoxyethanol to 6 parts toluene 
based scintillant was added to each vial. The radioactivity 
was assayed by liquid scintillation spectrometry. This 
is a modification of the method of Tishler and Epstein(1968),
1U3.
( 2) [^h ] and [^^cl-label-led gel slices were immersed in 0.3^1 
of 0.880 ammonia and incubated at 37^0 for 18h. To each 
dried sample was added 0.5ml distilled water and the gel 
slices allowed to swell by incubation at 37*^0 for 1 h.
10ml of B scintillant consisting of 4 parts 2™methoxy- 
etha.no 1 to 6 parts toluene based scintillator v/as then added 
to each vial and radioactivity assayed by liquid 
scintillation spectrometry»
(c) Sucrose Gradp^ent Analyses
0.3ml of the appropriate RNA sample was layered on top of 
a linear gradient of 5/(w/v) to 20/(w/v) sucrose in 0.05M 
ammonium acetate (pH 5.1) -O.Ol/(vf/v) sodium dodecyl­
sulphate prepared according to the method of Britten and 
Roberts (196O). After centrifugation for 3%h at 40,000 
rev/min in an SW50 rotor or for 5h at 39?000 rev/min in 
an SW40 rotor of a Beckman model L2 65B ultracentrifuge 
at 4^0y fractions of an appropriate volume were collected 
in tubes containing 2 drops of l/(w/v) sodium dodecyl- 
sulpha te o SV/40 gradients were harvested by passage of
the sample through the flow cell of a Gilford recording 
spectrophotometer where the extinction at 260nm was 
automatically recorded. SW50 gradients were harvested in 
? drop fractions by puncturing the base of the centrifuge
tube. Each fraction so collected was then examined for 
extinction at 260nm; trichloracetic acid was added to a
final concentration of 5/(w/v) and the acid insoluble 
radioactivity was collected on membrane filters and essaye d 
by liquid scintillation spectrometry in a. toluene based 
scintillator*
(6) CsCl centrifugation
(e) Equilibrium centrifugetion
Samples to be analysed were made 4/(w/v) with respect to 
formaldehyde (Spirin, Belitsna & Berman, 1965) in an ice 
bath and after 2h were mixed with sufficient CsCl solution 
to yield a final density of l*48g/cm'. The CsCl solution 
was made by dissolving lOg of CsCl in 6*4ml TKM buffer, 
followed by the addition of 0 .05ml of IM MgCl^ and 0,51ml 
of 40/(w/v) formaldehyde. The gradients were centrifuged 
at 40,000 rev/min at 4^C in an SW65 rotor of a Beckman model 
B2 65B or at 36,000 rev/min in an SW40 rotor of a Griff en 
Christ ultracentrifuge for 24h to 48h . Centrifugation
gradients were harvested in 3 drop fractions and every 
fifth tube examined for density determinetion using an 
Abbe refrp.ctometer. Each fraction was then made 5/(w/v)
with respect to trichloracetic acid, acid insoluble 
radioactivity collected on membrane filters and assayed by 
liquid scintillation spectrometry.(section 7).
( b ) On n re formed a:radients of CsCl
Samples to be snalysed were fixed in 8^ . glutrrsldehyde, 
previously neutralised with IK Na.OH, end the fixed uprtlo]es
layered on top of a preformed linear gradient of 30/(w/v) 
to 80/(w/v) CsCl in RSB buffer (section 3(b ) ?) and centrifugei 
for 12h to IBh as described in (a) above. The gradients 
were then harvested and analysed as described above.
(7) Procedures for the estimation of radioactiviW in frpotionj 
from gel filtration studies and centrifugation gradients = 
Aqueous samples, arising from the analyses of RNA by gel 
filtration or centrifugation in density graidients, were
made 5/(w/v) with respect to trichloracetic acid and acid 
insoluble radioactivity collected on membrane filters.
The filters were washed with an appropriate volume of 
3/(w/v) trichloracetic acid and, after drying, radioactivity 
was assayed by liquid scintillation spectrometry in 10ml 
of a toluene based scintillant,
(8) Determinetion of base composition of RNA samoles 
( 3P 1
(l)[ P-labelled RNA was isolated from monolayer cultures of 
BHK-21/C13 cells grown in 100ml ETC^^Q containing 500uGi 
orthophosocote, for periods of 24 to 48h, Such
f3 2 *1
[ Pj-labelled RNA preparations were fractionated on 2.5/ and 
7.5/ polyacrylamide gels as described in section 5b, the gels 
frozen, sliced, and radioactivity assayed as described in 
section 7. Gel slices corresponding to distinct RNA species, 
as judged by optical density, were pooled and RNA eluted 
by the following procedure.
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(2) Elution of RNA frora nolyacrvlamide gel slices 
This v/as carried out according to the method of Sirbasku 
and Buchanan, (1970). Dried gel slices were further 
fragmented by the use of scissors and the fragments 
immersed in 2,0ml of 2x S3C containing 0.1/(w/v) sodium 
dodecyl sulphate. This system was then incubated at 37^0 
for 48h and the gel fragments separated f rom the liquid, 
which now contained at least 70/ of the radioactivity, by 
centrifugation at 2,500 rev/min. The RNA solution was 
then dialysed against 100 vol. 2x SSG to remove the sodium 
dodecyl sulphate and evaporated to dryness.
RNA samples, eluted from polyacrylamide gel slices as 
described above were suspended in lOOjil of 0.3M KOH and 
incubated at 37^0 for 18h. Img Esch. coli sRNA was 
similarly treated and after incubation at 37^0 the RNA 
samples were neutralised by the addition of an equimolar 
amount of perchloric acid, and the KCIO^ precipitate 
removed by centrifugetion at 2,500 rev/min.
14) Hia:h voltage electronhoresis of RNA hvdrolvsates 
50jal to 100^.1 of ©n alkaline hydrolysate of bHK-21/013 
RNA together with lOÿul of a similar hydrolysate of Es ch. 
coli sHNA, prepared as described above and adjusted to pH 
3*5 with perchloric acid, was applied as a. 2cm streak to a
46cm X 57cm Whatman 3MM papei'. This was subsenuently moist­
ened with pyricLino-acetpte-h‘DTA buffer, (pH 3*5) { 16ml 
pyridine, 17-ml glacial acetic acid, 18.5g disodium EDTA 
water to 5?000ml.) Electrophoresis vas carried out at 
300 volts for 30 rain, to remove salt, then at 3»000 volts 
for 3ho The dried chromatograms were then exposed to 
steam in an autoclave for 15 min at atmospheric pressure, 
which effectively removed the ultraviolet absorbing solvent, 
and the nucleotides were located, under ultraviolet -light.
The spots were cut from the paper and sectioned into 
scintillation vials, 0*5ml hyamine hydroxide was then added 
to each vial and the vials incubated at 37^0 for 30 min.
10ml of toluene based scintillator was then added to each 
vial and radioactivity assayed by liquid, scintillation 
spectrometry. Electrophoresis by this method is as 
according to Sebring & Salzman (1964).
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III. RESULTS
III•1 Low molecular weight RNA content of difieront
frrctiono of mommalian cells.
The improved resolution of low moleculr-r weight RNA species 
afforded by polyacrylamide gel electrophoresis (Loening, 1967) 
has enabled the identification of a multiplicity of hitherto 
unidentified RNA species in a wide variety of both eukrryotes 
and prokaryotes. The optical density profiles of RNA 
extracted from the nuclear and cytoplasmic fractions of 
BHK-Pl/Cl3 cells (BHK-21 c-'^ lls), after electrophoresis in gels 
of polyacrylamide, are shown in Fig. Ill.1. The units of 
ootical density are expressed in an arbitrary scale proportions' 
to the extinction at P60nm and suggest the relative aimounts 
of each RNA. species present in the cells. These species are 
composed of RNA in that they are labelled with RNA precursors
! ? 't?' o 1
/^ilj-uridine and [ pj-orthonhosphate, a.re resistant
to degrf dation by DNase and pronase and are degraded by
treatment with RNase or alkali. Cytoolasmic RNA was extracted 
8from 10 BHK-21 cells by the ’’cold phenol” technique described 
in Methods (section 4(a)) and nuclear RNA was extracted from 
the detcip;ent cleaned nuclei of approximately 5 x 10^ cells 
by the ”hot-phenol-SDS” technique (Methods section 4(b)).
The RNA extracted frora intact cells by the ’’cold phenol” 
procedure shows an identical optical density profile, after
Optical density profiles of RNA components of BHK-21/C13 
cells after electrophoresis in gels of polyacrylamide.
Fig. III.l
Cytoplasmic (cold phenol) or nuclear RNA was prepared from 
10*^  or 5 X 10^33KK*”2l/G13 cells and analysed by acrylamide 
gel electrophoresis as described in Methods ( section SClD ) * 
Following electrophoresis, the optical density of each gel 
was measured using either a Vitatron Universal densitometer 
fitted with a U1 red filter, for gels stained with toluidine 
blue, or the linear transport attachment of a Gilford 
recording spectrophotometer for unstained gels.
7.5/ gels, for the analysis of low molecular weight RNA 
components of the nucleus or cytoplasm, were electrophoresed 
for approxiraately 5ih and 2.5/ gels, for the examination of 
high molecular weight RNA species were similarly electro­
phoresed for 2fho The ordinates are expressed in-arbitrary 
units proportional to the extinction at 260nm.
(a) low molecular weight RNA from the nuclei.
(b) low molecular weight RNA from the cytoplasm.
(o) high molecular weight RNA from the cytoplasm.
The ordinates on the left hand scale refer to diagrams (a) & 
(b) and those on the right to diagram (c)
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electrophoresis in gels of polyr.crylemide, as that obtained 
fro:n exominr tion of RNA extracted by this procedure from 
cytoplasm prepared by the hypotonic rupture of .BHK-21 cells 
in RSB buffer ( of Methods section 3(c))o High molecular 
weight RNA was analysed by cloctrophoresis in R. 5/^  polyacryl­
amide gels and low molecular weight RNA components (defined as 
RNA laolecules with an average chain length not exceeding 500 
nucleotides) were examined by electrophoresis in 7* 5/^  
polyacrylamide gels from which the high molecular weight RNAs 
are excluded.(Methods sect. 5(b)). Similar profiles to 
those shown in diagrams (b) fnid (c) wore obtained as a result 
of electrophoresis of RNAs prepared from the cytoplasm of a 
number of mammalian tissue culture cell lines, (Hoia, L9R9, 
BHK-R1/C13, BHK-R1/SR8/V1, BHK-Rl/PyY) and Krebs II mouse 
ascites tumour cells. Fig.III.1 presents the relative 
proportions of the various RNA species present in mammalian 
cells but a more accurate measure of the relative molar 
amounts of these RNA species present in the cytoplasm of 
BHK-Rl cells is prese ited in Table lll.l The amounts listed 
there represent the estimated steady-state number of molecules 
per cell as computed from the optical density tracings and 
the estimated molecular weights of the RNA species. These 
molecular weight esti.aate^y also shown in Table ill.l, were 
made assuming a logarithmic relationship between Jiigration
Table III.l
î G i e s o f
I  .. .
L
RNA(tRNA)
RNA
REMt Estimated 
Mol* Wt*
Estimated no* 
of nucleotides
Estimated
lan.iiilfc
molecules 
per cell.
■4Ueu*
80 2*8 X 10^ 80^ 5.5
7
X 10^
72 5.5 X 10^ 100 4.4 X 10^
64 5.9 X lO^ 115 1*0 X lo"^
56 4.5 X lO^ 130 2.2 X 10^
54 5.0 X 145 1.8 X 10^
48 5o6 X 160 7.7 X 10^
43 6*5 X 180 4.8 X  1 0 ^
35 7.2 X 1 0 ' ^ 205 2.5 X  1 0 ^
32 7.9 X lo'^ 225 2.9 X  1 0 " ^
29 8,9 X 1 0 ^ 250 2.4 X  1 0 ^
18 1.1 X 10^ 315 8.1 X  lO'^
15 1. 25% 10^ 350 1.0 X  1 0 ^
ayhoff & Eck (1968) and represents an average value for 
animal i an tRNA
ela,tive electrophoretic mobility expressed in mm travelled 
rom origin of the gel*
species of RNA represented in Table III*1 are enumerated as 
Fig* III*l(b)o The molecular weights shown are estimated 
uming a logarithmic relationship between electrophoretic 
ility and molecular weight (Bishop si,1967) adopting the 
wn molecular weights of 4s and 5s RNA as standards* From 
average molecular weight of one nucleotide (computed as 
daltons)^ the molecular lengths of the various RNA chains 
e computed assuming no contributions to electrophoretic 
ility by conformational differences*
retes in polyacrylamide gels and molecular weights (Bishop, 
Cleybrook & Epiegclman, 1967), The relative migration rates 
are auite reproducible from one gel to another but the 
estimation of molecular weights is empirical and may be 
slightly inaccurate, a more accurate determination must await 
precise biochemical analysis of these RNA species. A 
comparison of Figs. Ill,1(a) and (b) reveals that the nuclei 
of mammalianccells contain relatively low levels of the 4s 
RNA (tRNA) components which contribute approximately 80^ /b of 
the low molecular weight RNA of the cytoplasm* It is also 
apparent that such nuclei contain a large amount of 5s RNA 
molecules, in accord with the results found in Hela cells by 
Knight 8c Darnell ( 1967) and Weinberg & Penman (1969). It 
should also be noted that a number of nuclear RNA species 
display electrophoretic mobilities in polyacrylsmide gels 
comparable to the species found in the cytoplasm. The most 
prominent of the nuclear RNA species, that referred to as ”7s 
RNA” is apparently absent from the cytoplasmic preparation 
shown in Fig. III.1(b). This however is a facet of the RNA 
extraction procedure, for this RNA species can also be found 
in the cytoplasm if the isolated subcellular fraction is 
extracted with the hot-phenol-SDS tochiique (Burdon & Clason, 
1969). It is a component of the larger ribosomal subunit 
and remains associated with the 28s RNA component during "cold
phenol" extraction but is melted free of the 20s rHNA upon 
heating the preparation to the temperatures used in the "hot™ 
phenol-vlDS" extraction procedure (Pene ejt al, I968), This 
RNA fraction exhibits both a sedimentation velocity and an 
electrophoretic mobility of approximately 5-5^ (Weinberg & 
Penman, 1969) and has thus been referred to by these authors 
as "28s™assoelated RNA".
III.2 Synthesis of low molecular weight cytoplasmic RNA, 
Previous reports indicate that the study of the labelling 
behaviour of low molecular weight nuclear RNA components 
during short labelling periods is made difficult by the 
presence of large amounts of co~sedimenting unstable nuclear 
heterogeneous RNA of low molecular weight (Weinberg cc Penman, 
1969), No similar heterogeneous material appears to exist 
in the cytonlasm however and it is therefore possible, using 
the selective extraction of cytoplasmic RNA species by the 
"cold phenol" technique (Burden & Clason, 1969, Harris I963), 
to investigate the synthesis of the low molecular v/eight RNA 
components of the cytoplasm. The results of such an exper­
iment are shown in fig. III.2 (a) and (b). Identical 
cultures of BHK-21 cells were exnosed to [^h]™guanosine for 
periods of 5min, lOmin, POrnin, and 60min and the "cold phenol 
RNA examined by electrophoresis on gels of polyacrylamide, 
fig. Ill.P(a) shows the electrophoretograms of cytoplasmic
Labelling kinetics of low molecular weight RNA components 
of BHK-21/G15 cell cytoplasm*
Figo III.2
Profiles of the distribution of radioactivity in low molecular 
weight RNA components of BHK-21/C13 cytoplasm after electro­
phoresis in.gels of polyacrylamide (Methods section 5(b)).
Cultures of BHK~2l/C13 cells(30 x 10 in 100ml EC,q) were 
grown for 18h at 3 7 in rotating 80oz. winchester bottles.
At this time there was added to each culture lOC^iCi 
guanosine (6Ci/mraol) and the cultures exposed to isotopically 
labelled precursor for the appropriate time period. The cells 
were then harvested, washed with ice cold BSS,and RNA extracted 
by the "cold phenol" procedure (Methods section 4(a)) and 
examined by polyacrylamide gel electrophoresis as described in 
Methods section 5(b).
(a) Extinction 260nm (■— — — ), -radioactivity after a 5min
exposure to isotope (— o— ),[ Hl-radioactivity after a lOmin
exposure to isotope (— -o— ).
(b) Extinction 260nm (---- ), Radioactivity dpm after a
20min exposure to i s o t o p e ( ~ o ~ )  ^ C'^H.j-radioactivity dpm.after 
a 60min exposure to isotope (— o— ).
The arrows in Figs.III.2(a) and (b) indicate the optical 
density peaks corresponding to the RNA components referred 
to as 4s (tRNA) and 5s RNA. On the left hand edge of each
profile is recorded the C^Hj-radioactivity in RNA species
excluded from the gel matrix and which did not enter the gel.
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RNA species extracted from cells labelled for 5min and 10 
inin, and Fig* III, 2(b) the olecbrouhorctograms of these RNA 
species from cells exposed to isotooo for 20min and 60min,
It is apparent the-1 after short time exposures, (5min) the 
bulk of the rsrlior ctively labelled RNA migrates in a 
somewhat heterogeneous fashion in positions intermedia bo 
between the ribosomal 5s RNA Stnd the 4s RNA ootical density 
peaks, but tha t the radioac tivi ty, in fractions wi th a. 1 ower 
electrophoretic mobility than 5s RNA, corresponds fairly well 
with the optica 1 densiry ;)j’ofile* Wheri the 1 aboiling pcriod 
is increased to lOmin, much of the radioactivity still migrâtes 
in positions intermediate between 4s and.5s RNA but there is 
now a distinct fraction of the radio?ctivity associated with 
both the 4s find 5s RNA peaks and also with those optical 
densi ty peaks shov; j.ng n 1 ower d e c  t rophore t i c mobili ty thcn 
5b RNA* A.fter a 20min or 60min exposure of the cells to 
radioactivity (Figo 111.2(b)) the distribution of radioactivity 
follows much more closely the optical densi by profile but the 
radioactive m?;terial corresponding to 4s RNA does not quite 
correspond exactly with the optical density marker at 20min 
but does so after 60 rain* From the orofiles of distribution 
of radioactivity shown in Figs. Ill,2(a) and (b) it is 
apparent that the species of RNA shown in the optical density 
profile are distinct RNA species which seem to be?r no obvious
^precursoï'‘-"product relationship one to another. The bulx of 
the radioactivity which at short time periods migrâtos in 
positions intermediate between 5o and 4s RNA, and which 
contributes ai ever decreasing proportion of the total 
radioactivity as the time of exposure to isotope is increased, 
displfvs the cha r? ctoristies of the tRNA precursor molecules 
previously described in m? m naliirn cell cytoplasm after short 
time pulses of radioactivity ( dur don Jt Clason, 19 69, Berniir-rdt 
& Darnell, 1969, Iniillie, 1970). This is the only cytoplasmic 
low molecular weight RNA component which a.ppears to function 
as a precursor .molecule. If the kinetics of labelling of 
each i n d i v i d u al RNA specics p r esen t in th e optic a1 d e n si ty 
profile is plotted as the incorporation of radio?:ctivi ty 
versus the time of exposure to isotope, it is found that the 
synthesis of these species proceeds, after a short If g of 
approximohely 5:jin^ and whic}i may represent the time for 
equilibration of isotope with the ccllulFrr nucleotide pools, 
in a frirly line.ar fashion, following the same pattern as the 
incorporation of -guanosine into total acid insoluble
rnateria.1 (see Fig. ll.l(,bj). These observations may therrforc 
indicate that these low molecular weight RNA conponents of 
the cytoolssm may be derived not as a. result of direct 
tr&mscription but as the cleavage product from some larger 
HNA molecules, or incicatc the possible existence of a pool
of these molecules located in the nucleus.
Illo5 Comparison of long and short exposures to isotope. 
Exposure of cell cultures to isotopically labelled RNA 
precursors for periods of one generation time or longer labels 
predominantly the stable RNA components of the cell. Since 
the low molecular weight RNA components displayed in Fig.Ill.2
(a) and (b) appear to be fairly extensively labelled in short 
time periods such as 30min or one hour, an indication of their 
metabolic stability may be gained by the comparison of the 
profiles of distribution of radioactivity in these RNA species 
after short and long exposures to radioisotopes. Therefore, 
petri-dish cultures of BiîK-21 cells were grown in the presence 
of -o.rthophospha.te for periods of 24 to 43 hours, the "cold 
phenol” RNA extracted (Methods section 4(a)) and examined by 
electrophoresis in polyacrylamide gels as before. The 
distribution orofiles of such "long labelled” RNA is shown in 
Fig*III*3» This profile is distinctly different from that 
obtained \vith the shorter pulse times shov/n in Fig.III. 2(a) 
and (b) and indicates that many, if not all, of the low 
molecular weight cytoplasmic RNA species, with a ’, lower electro­
phoretic mobility than 5s RNA, are metabolically unstable*
In addition it can be seen that bobli 5s RNA and tRNA arc 
extensively labelled and presumably therefore represent stable 
components. Fig.III.3 shows the profile of cytoplasmic RNAs
Distribution of radioactivity in RNA components of BHK-21
cytoplasm after long exposure of cultures to isotopically 
labelled RNA precursors*
Fig* 111*3
Cultures of BHK-21/C13 cells (3«0 x 10 cells/OOmra petri dish) 
were grown for 48h in 100ml ETC|q containing 40CÿuCip%-ortho­
phosphate (60Ci/rag P) at 37"C in an atmosphere of air 
containing 5/^(v/v) CO^ * The radioactive growth medium was 
then removed, the cell monolayer washed twice with 10ml portions 
of ice cold BSS and the cells removed from the dish by treatment 
wi th trypsin/versene* The collected cell pellet was then 
extracted with "cold phenol and the cytoplasmic RNA isolated 
as described in Methods section 4(a) * The RNA, after dissol­
ution in the appropriate buffer (electrophoresis buffer Methods 
section 5(b)), was examined by electrophoresis in gels of 
polyacrylamide* (Methods section 5(b))* The gels were scanned 
for optical density using the linear attachment of a Gilford 
recording spectrophotometer, frozen, sliced into 1mm segments 
and radioactivity assayed by gas flow counting as described in 
Methods section #
(a) High molecular weight RNA components examined by electro­
phoresis in 2.5^ polyacrylamide gels*
C^^Pj-radioactivity cpm (— o— ).
(b) Low molecular weight RNA components examined by electro­
phoresis in 7*5^ polyacrylamide gels.
Extinction 260nra (— — ) -radioactivity cpm ( ^ e — »)
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extracted from cells labelled for 48 hours but a similary 
although quantitatively different, profile of distribution 
of radioactivity was obtained with RNA extracted from cells 
exposed to isotope^or 24 hours.
111*4 Methylation &f 1 ow molecu 1er weight cytop 1 asinic RNA.
Three classes of RNAlare presently known to contain methylated 
nucleosides; tRNA, rRNA and its nuclear precursors, and the 
low molecular weight RNAs of the eukaryotic nucleus. It is 
assumed that, as in R . coli, methyl groups in eukaryotic rd\'A 
molecules arise directly from L-rnethionine via the methyl- 
donor S-adenosylinethionine (Kandel & Borek, 1961, 1963?
Fleissiier & Borek, 1962). Should the low molecular weight 
RNA components of the cytoplasm examined in ?igoIII,2(a) and
(b) be the degradation products of either rRNA,rRNA-precursors, 
precursors to tRNA, or leakage to the cytoplasm of low 
molecular weight components of the nucleus, it might be 
expected that they would be methylated. It was therefore 
decided to examine the low molecular v/oight cytoplasmic RNA 
species for their content of methylated nucleosides. The 
measurement of the exte.it of methyls tion implies the 
measurement of methyl groups which have been joined to the 
RNA molecule subsequent to its transcription from the Dn'A 
template. Care must therefore be taken to prevent radioaCtivii 
from labelled methyl groups from being incorporated into
Méthylation of low molecular weight RNA components found 
in cytoplasmic fraction of BHK-21/C13 cellSo
Figc III.4
A culture of BHK-21/C13 cells ( 30 x 10 cells in 100ml ETC,q )
were grown for 18h at 31^0» The growth medium was then 
removed and replaced with 100ml prewarmed ETCio medium contain­
ing 20p.Ci L-methionine ( m e t h y l - C )  (56.SinCi/mmol) and the 
incubation continued for a further 18h, After this time the 
culture was harvested, the cells washed and pelleted as 
described in Methods section 2(b)o, and cytoplasmic RNA 
isolated from the cell pellet as described in Methods section 
4(a) * The RNA was dissolved in electrophoresis buffer and 
examined by electrophoresis in gels of polyacrylamide and the 
gels then stained wi th toluidine blue and scanned for optical 
density as described in Methods section (5b)* The scanned 
gels were frozen, sliced into 1mm segments and the segments 
assayed for radioactivity by liquid scintillation spectrometry. 
(Methods section 5Üd)o
Optical density, arbitrary units (•^ -=™*^ ), [^^G^radioactivity
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moeitien other than the methyl groups atteched to the ribose 
or bpse moeities of the constituent nucleosides of the HNA 
molecale. In u articuler the incorporation of radioactivity 
from methyl grouos into the purine ring skeletons via. the one 
carbon pool will confuse any exaraination^ cither quantitative 
or qualitative, of the degree of méthylation of RNAo In this 
experime.it the entrance of label into the purine biosynthetic 
pathways was suppressed by the addition to the growth medium 
of POmM-sodium formai to (Winocour, Kay & St oiler, 1965).
Such an addition has been shown to have no effect upon the 
growth rate of BHK-Sl cells and presumably therefore upon the 
ra.te and extent of RNA synthesis (Low, 1970). A culture of 
BllK-21 cells was therefore grown overnight in the presence 
of L - c t h y 1 ^ -methionine and the cytoplasmic RNA isolf ted
by the "cold phenol" technique as before. In order to ensure 
that the incorpora ted methyl radioactivity was pi'csent on the 
base or ribo^-e moeities of any apparently methylated RNA 
species and not as an aminoacyl ester, this cytoplasmic RNA 
preparation was incubated at 37 in 0.05M-tri's/RCl buffer 
(pll 10) for 30:nin (Rvensron, Bom an, tiriksson & Kjellin, 1963) 
prior to its examina-tion by polyacrylamide gel electrophoresis. 
The results of such an examination of low molecular weight 
cytoplasmic RNAs are shown in Fig* III.4 and indicate that 
the only methylated species present in the cytoplasm of bilK-f 1
Base coDipoBitions of the low molecular weight RNA 
Components of BHK-21/C13 cytoplasnio
Figail*5
A culture of BHK-21/C13 cells (1 0 cells in 10ml ETC,q)
grown for 18h at 37^C in petri dishes, was exposed to 
-orthophosphate (70Ci/mg P) ( 500}iCi per dish) for 
a further 48h. After this time, the radioactive . 
medium was decanted, the cell monolayers washed with 
two 10ml portions of ice cold BSS and the cells removed 
from the dishes with the aid of a rubber policeman*
^Cold phenol" cytoplasmic RNA was then isolated from the 
harvested cell pellet (Methods section 4(a)) and after 
dissolution in the appropriate buffer (Methods section 
4(b)) was mixed with unlabelled cold phenol cytoplasmic 
RNA(marker RNA) and electrophoresed in both a 2« 5^ 
and a 7*5/^ polyacrylamide gel* The gels were scanned 
for optical density,frozen,sliced into 1mm segments 
and the fractions assayed for radioactivity as described 
in Methods section 5(b).
Extinction 260nm ( — ),[ ^ ^l^-^radioactivity cpm (— 0— ).
Table III.2
Appropriate fractions of the gels and corresponding to 
the low molecular weight RNA components as enumerated 
in Fig,III.5 were fdrther'ffagmented and the RNA eluted 
from them by the method of Sirbasku & Buchanan (1970). 
Nucleotide comnosition analysés were then performed on 
each RNA species,enumerated in Fig.Ill,5, as described 
in Methods section B.8 . Ribosomal RNA species (28s 
and IBs) obtained from the 2.5^ polyacrylemide gel 
electrophoretic analysis, were similarly treated*
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Table 111,2 
RNA RDecies
Nucleotide composition of low molecular weight 
cytoplasmic RNA components of BHK-21/G13 cells
fractions
4 s RNA
Adenine,
18.8
Guanosine, 
34.6
Cytosine
■35.4
Uridine
11.2 72-75
5 s RNA 27.8 26.9 31.2 14.1 58-61
1 24.2 30.3 33.3 12.2 63-65
2 23.7 28, 6 32.2 15.5 51-^53
5 24.4 22.9 31.4 21.3 48-50
4 20.9 28.4 36.0 14.8 43-45
5 23.9 18.1 43.3 14.6 32-34
7 23.9 16.2 22.1 37.8 30-32
8 35.5 11.7 37.8 11.7 27-29
9 36.8 17.1 30.6 15.5 24-26
10 22.9 20.4 36.4 20.3 22-23
11 ■ 23.0 21.5, 36.1 19.4 17-19
12 21.6 14.4 48.9 15.0 12-14
13 25.0 19.2 34.6 21.2 9 -11
28s RNA 21.2 28.1 39.7 11.0 —
18s RNA 23.4 28.9 .37.4 10.3
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cells are tRNA aad possibly the HNA species referred to in 
Table 111*1 as component (1), It is also possible that a 
minor component v/hich co-electrophoreses with 5s RNA is 
methylated^ for a similar methylated minor"’5s’* species has 
been described in the low molecular weight RNA of Hela cell 
nuclei (Weinberg & Penman, 1969). The apparent absence of 
extensive "méthylation'^ of the ribosomal 5s RNA however shows 
the efficiency of the sodium formate dilution of the one carbon 
pool and indicates no incorporation of methyl groups into purine 
ring skeletons* The pattern of méthylation shown in Fig 111*4 
therefore probably represents true méthylation of the base or 
ribose moeities of the RNAs and indicates the absence of methyl 
ation in the RNA species with lower electrophoretic mobilities 
than 5s HNA (referred to as species (p) - (10) in Table III.l 
and Fig 111.5.),
111,5 B s e c o mp o s i tion of the cytool a s ra i. c RN A *
The base compositions of the small molecular weight cytoplasmic 
HNA components have been examined by the [ " -orthophosphate 
equilibrium labelling technique, (Volkin & Astrachan, 1956),
Petri-dish cultures of BHK™?! cells were grown for 48 hours in 
phosphate depleted medium containing carrier-free -ortho-
phosphate, The cytoplasmic RNA was then isolated by the 
"cold phenol" technique (Methods section 4(a)) and the RNA 
examined by polyacrylamide gel electrophoresis as before.
1F4-
The profile of distribution of radioactivity in the small 
molecular weight RNA corponcnts is indicated in Fig 111,5. 
Fractions of the gel corresponding to the RNA species enumerated 
as (].)-( 13) , tRNA and 5s RNA were taken, the RNA eluted and the 
base comnosilions determined by the procedure described in the 
Methods section. The results of these analyses arc listed in 
Table 111,2, The base compositions of the various species of 
RNA vary sig'rificantly and are consistent with the possibility 
that each species represents a unique type of RNA. The RNA 
species referred to in Table III.l as (2)-(l0) are seen to be 
relatively (GtC) rich but to be significantly different in base 
composition from the ribosomal RNA species, 28s and IBs RNA, 
whose base composition is shown for comparison,
111,6 Intr a c e 11 ulr r 1 o ce ti o n o f c y t; o n 1 p s n i c 1 c w mo 1 c cula r 
weight RNA molecules.
The experiments reported in Fig 111.2(a) and (b) have indicated 
that the small molecular weight RNAs found in the cytoplasra 
appeair rapidly in this fraction in BNK-21 cells. Unlike the 
precursor tRKA molecules which form the bulk of the radioaclively 
labelled cytoolosraic RNA in short time pulses, the species (2) 
to (ll) do not appear to be the subsbrates for the cytoplasmic 
methyls ses. however the precise location of these low molecular 
weight RNA components have not been determined. In order to 
do this, cultures of BHK-21 cells were exposed to L^^^cj-uridine
Intracellular location of low m olecular weight RNA components 
of BHK-21/G13 cytoplasm.
Fig. III.6
30 X 10 BHK-21/C13 cells were grown for 18h in 150ml EC|0
at 37*^ 0 and after this time the growth medium was removed 
and replaced with 100ml EC|q containing 5^ 0i[*^'Cl-uridine 
(62mCi/mmol)c Growth was continued for a further 24h 
when the cells were removed from the glass by trypsin 
treatment. The cells were then washed with a 25ml portion 
of ice cold BSS and collected by centrifugation at 2,500 
rev/min for 2min. Subcellular fractions were prepared from 
the cell pellet as described in Methods section 3 , and 
RNA extracted from the isolated subcellular fractions by the 
appropriate method as described in Methods section 4- • The 
extracted RNA was then fractionated by polyacrylamide gel 
electrophoresis in 7*5/^ gels as described in Methods section 
5(b). The gels were then sliced and examined for radio­
activity as described previously.
Optical density,arbitrary units (— -) jL^^'cj-radioactivity 
dpm in,
(a) Mitochondrial fraction (— /üs— A — )
(b) Cell 8ap ( — >3— o )
(c) Microsomal material (— o— -o —  ).
The figures recorded in the top left hand corner of the 
profile represents the C]-radioactivity in RNA species of 
high molecular weight which do not enter the gel matrix.
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for 24 hours and the subcellular components isolated from the 
harvested cells as described in the Methods section (B5 )• 
p-^'d-labelled RNA was then isolated from the various subcellular 
fractions and examined by electronhoresis in. 7 * 57^  polyacrylamide 
gels. The results of these examinations are shown in Fig 111,6 
which is a composite electrophoretogram of the distributions of 
radioactivity among the various low molecular weight RNA 
components isolated fro;n the subcellular fractions,. It is clear 
from Fig,III,6 that the only species of low molecular weight 
RNA found free in the "cell sap^’ is the 4s RNA (tRNA) component 
although a small amount of 5s RNA was detected free in this 
fraction. The bulk of the low molecular weight cytoplasmic 
RNA species a.re seen to be associated with the microsomal 
fraction and there appears to be no detectable association of 
these species wi th either the mitochondria or the cell sap.
The msjor microsomal associated low molecular weight RNA species 
is f as expected, 5s RNA with some 4s or tRNA also being present *
111,7 The effects of actinomycin D on RNA synthesis in BHK-21 
cells.
Although a comparison of ihe distributions of radioactivity in 
the low molecular weight cytoplasmic RNA components after a 
short and long exposure to isotope (Figs.Ill,2(b) and 111,3) 
reveals the possible metabolic instability of these components,' 
a clearer indication of their stability may be obtained under
127»
conditions when the rate of decay of the incorporated label can 
be examined without the complication of continued incorporation 
of isotope, duch a situation is attainable in pulse-chase 
experiments utilising actinomycin D, Perry(l962) has reported 
that low concentrations of the drug, eg, 0,04^.ig/ml, can 
selectively inhibit the synthesis of ribosomal RNA and a total 
inhibition of RNA synthesis is attainable with higher concentration 
of the drug. In order to determine the drug concentrations 
essential to achieve these situations in BJU(-21 cells, the 
experiments reported in Figs.111,7 and 111,8 were performed. 
Cultures of BHK™21 cells were preincubated for 30min in the 
presence or absence of either 0,04^ig/ml or j^ig/ial actinomycin D 
and then exposed to -uridine for either 15min or 60min,
Total cell RNA was isolated by the ’^ hot™phenol-3D3^’ procedure 
from ce].Is exposed to isotope for 15min and ’’cold phenol” 
cytoplasmic RNA was prepared from cultures which had been exposed 
to isotope for 60aiin, The extracted ['^ h ]-labelled RNA was . 
mixed with 50jil of a -labelled RNA preparation (obtained
by cold phenol extraction of BHK-21 cells grown for 24h in the 
presence of -uridine) and analysed by sucrose density
gradient centrifugation (Methods sectionB.5c). The radioactivity 
profiles obtained from these analyses a,re shown in Figs.111,7 
and III,Bo Fig,III,7 shows the distribution profiles of 
radioactivity in cytoolasmic RNA species isolated, from control
Effects of actinomycin D on the synthesis of cytoplasmic
RNA components of BHK-21/G13 cells.
Fig. III.7
3 Roux bottles of BHK-21/C13 cells (15 x 10 in 50ml ETGiq ) 
were grown for 18h at 37"^C and actinomycin D was then added 
to two of the bottles to give a final concentration of 
either 0.04;«ag/ml or 5/Ug/ral and incubation continued for 30 
min. 50/aCi b^Hl-uridine (8Gi/mmol) were then added to each, 
bottle and the incubation of the cultures continued for a 
further 60 min in the presence of the drug. The radio­
active medium was then decantedy the cell monolayer washed 
with a 50ml portion of ice cold BSS and the cells harvested 
by trypsinisation. From the collected cell pellets RNA 
was extracted by the "cold phenol'* technique (Methods section 
4(a)) and, after dissolution in the appropriate buffer 
(Methods section 4(b)) was layered together with 50jul of a 
D^Chlabelled marker RNA over a linear gradient of 5^(w/v) to 
w/v) sucrose in 0,05M ammonium acetate (pH 5-1)» The 
gradients were centrifuged at 39y000 rev/min in an SW40 rotor 
for 5h as described in Methods section 5(c)^ harvested in 8 
drop fractions and the fractions assayed for radioactivity as 
described in Methods section 7.
(,^'^Gl*acid insoluble radioactivity dpm (— o*— ),L^HÎ-f 
insoluble radioactivity dpm — .
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Effeots__pf actinomycin D on the synthesis of total cell
RNA in BHK-PI/CIJ cells.
FigcIÏI,8
3 petri dish cultures of BHK-21/C13 cells (10 cells/dish in 
10ml ) were grown for 18h at 3 7 and actinomycin D was _
then added to two of the cultures to give a final concentrat­
ion of either 0.04/ig/ml or 5jng/ml and the incubation continued 
for 30min. 50yiGi Hi-uridine (BGi/mmol) were then added to 
each dish and incubation of the cultures continued for a 
further 15min. The radioactive medium was decanted, the cell 
monolayers washed with two 10ml portions of ice cold BSS and 
the cells removed from the plates with the aid of a rubber 
policeman. The collected cell pellets were extracted by the 
"hot-phenol-SDS" technique (Methods section 4(b)) and the I? H)- 
labelled RNA mixed with 3Qui of Cj-labelled marker RNA in 
an appropriate buffer.(methods section 4(b)). The RNA 
preparations were then layered over linear gradients of 5^ 
(w/v) to 20^ (w/v) sucrose in 0.05M .ammonium acetate (pH 5.1) 
and the gradients centrifuged at 39?000 rev/min in an SV/40 
rotor for 5h as described in Methods section 5(c). The 
gradients were harvested in 8 drop fractions and the fractions 
assayed for radioactivity as described in section 7 of Methods.
[^"^cj^acid insoluble radioactivity dpm ( ™ o ~ )
C^nJ-aGid insoluble radioactivity dpm (— o — )
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cells, cells treated with 0,04^ig/ml actinomycin I) and cells 
treated with ml actinomycin D. It is apparent that the
levels of the druy of 0.04^ig/ml inhibit the appearance in the 
cytoplasm of labelled, ribosomol HNA corn pone its and that s, 
concentration of the drug of 5yig/ml causes a total inhibition 
of the incorporation of label into cytoplasmic RKA species. The 
results obtained with total cell RKA using the same drug 
concentrations, and shown in fignlll.B, indicate that low levels 
of actinomycin D in BiiK-?l cells do in fact inhibit the synthesis 
of ribosomal RNA but that at a concentration of 5^g/;nl it causes 
a total inhibition of RNA synthesis in these hamster cells as it 
is reported to do in Hela cells«
II1.9 Stability of low raolecu.lo.r weight cytor^lasmic RRA 
to actinomycin D chase„
The experiments reported in Pig III.7 and 111.8 have indicated 
that concentrations of the drug, actinomycin D , of 5y^ ,g/ml arc 
sufficient to totally inhibit the synthesis of RRA in BiIK-21 
cells and pulse chase experiments utilising this concentration 
of the drug were therefore designed to determine the m.ctabolie 
stability of the low molecular weight cytoplasmic RRA species»
The results of the experi;ne its reported in Pig 111 « 2 ( a J and (b) 
have indicated that these RNA species appear in the cytoplasm 
of BHK-21 cells as discernible species in pulse times as short 
as 15 to 20 minutes. Cultures of BhK-21 cells were therefore
stability of low molecular weight RNA components of BHK-21 ' ' 
cells to actinomycin D chase.
Fig. Ill.9
Cultures of BHK-PI/CI3 cells (5 x 10 cells in 50ml ETC,q )
were grown for 24h at 37*^0. Each culture was then exposed 
to lOOjuCi [^H]“guanosine (3*5Ci/mraol) for 15min, then the 
radioactive medium decanted and the cell monolayer washed 
twice with 50ml portions of prewarmed ETCjq * One culture 
was harvested,and to the remaining culture bottles was added 
40ml of prewarmed growth medium containing 5jug/ml actinomycin 
D and the incubations continued for the appropriate periods 
of time. The cultures were harvested as described in Methods 
section A2 and from the cell pellets "cold phenol"cytoplasmic 
RNA was isolated as described in Methods section 4(a). After 
dissolution in the appropriate buffer (Methods section 4(b)) 
200yzl samples of the RNA preparations were examined by 
electrophoresis in geis of polyacrylsmide(Methods section 5 ) 
and after electrophoresis the gels were scanned for optical 
density, frozen, sliced into 1mm segments and the segments 
assayed for radioactivity as described in Methods section 5 
subsection 3(b).
Extinction 260nm (-— “-•) 
z
H radioactivity cpra (— o — )
(a) 15 min pulse, (b) 15min pulse followed by 10 min chase 
procedure, (c) 15 min pulse followed by 30 min chase proced­
ure, (d) 15 min pulse followed by 60 rain chase procedure
(e) 15 min pulse followed by 75 rain chase procedure.
The distance migrated by 5s and 4s RNA under these conditions 
is indicated by the shaded hox ( giM ).
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exposed to[^HJ-'^ÿ-ianosine for 15 uiin, the radioactive medium 
removed fromthe cultures and replaced with prewarmed growth 
medium containing !^ig/ml actinomycin D, end the incubations 
continued for various lengths of time, "Cold phenol" cyto­
plasmic RNA was then isolated from all the cultures and examined 
by electrophoresis in 5/^  polyacrylamide gels. The results of 
these chase experiments are shown in the radioactivity profiles 
of Nig,IIIo9 o For comparison^ the optical density profile 
obtained by trio electrophoresis of unlabelled ^^cold phenol" 
cytoplasmic RNA in an identical polyacrylamide gel is included 
in each of Figs, 111,9(a) - (e). The distribution of 
radioactivity in the control gel after Ihmin exposure to isotope 
is similar to that obtained in the 10 rain pulse represented 
in Fig, III.P (a) and shows that the bulk of the radioactivity 
migrates in a heterogeneous fashion in positions intermediate 
between 5b RNA and 4s RNA and presumably represents "pre-tRNA"* 
Howevery prominent radioactivity peaks representing the 
cytoplasmic RNA components referred to in Fig, 111,1 as (2) to 
(10) are visible at this time and a distinct fraction of the 
radioactivity migrates coincident v/ith .the 5s and 4s RNA peaks. 
After a 10 .min "chase"  ^ the prominent peak of species (7) 
present in the control cult ire is considerably reduced and the 
material migrating between the 5s and 4s optical density peaks is 
apparently less heterogeneous, After 30 min "chase",almost
all of .the heterogeneous material, previously migrating 
intermediate between 5s and 4s RNA, has disappeared and a 
prominent 4s RNA and 5s RNA peak have emerged, but the distinct 
peaks of radioactivity corresponding to the RNA species referred 
to in Fig Ill.l(b) as (2) -(lO) can be seen to be little changed 
from the situation found after a lOmin "chase". By 60 min 
the heterogeneous "pre-tRNA" has quantitatively been converted 
to 4s RNA components and once again there is little discernible 
change in the levels of radioactivity present in the RNA 
species (2) -(lO) with a lower electrophoretic mobility than 
5s RKA, A similar picture is obtained after 75 min of 
"chase" but the peak of "5s " RNA is reduced. The significance 
of this observation is obscure but ,it is appa.rent that the 
RNA species ( 2)-( 10), a.lthough metabolica.lly relatively unstable 
as suggested by the results of experiments shown in Figs, III.2
(b) and 111,3? are measurably stable for periods greater than 
75 minutes, but none the less apparently have a life span of 
less than 30 hours,
IIIo 10 Metabolic stability of ribosom.al RNA in BHK-21 cells.
To investigate this problem further the stability of ribosomal
i3
RNA was examined. Ribosomes are recognised as stable components 
of mammalian cells, exhibiting half-lives of approximately 
4 - 6  days in the adult rat liver cell (Loeb et a1, 1965), The 
results of kinetics of labelling and pulse chase experiments 
have indicated that many of the low molecular weight cytoplasmic
134.
RNA species in BHK-21 cells are :aetaboliCclly unstable by com­
parison, In order tliat some relative estimate of their metabolic 
stability might be obtained, it was decided to compare the 
stability of cytoplasmic low molecular weight RNAs v/ith the 
known stable componoits of the cell, the ribosomes. An 
.estimate of the metabolic stability of ribosomes in BHK-21 
colls was therefore r equired, Since ri];osomal RNA is methylated 
and since it has been reported that [methyl-^H^j-mcthionine 
incorporation can be effectively suppressed v/ithin five to ten 
minutes of the beginning of the "chase ])oriod" (Weinberg &
Penman, 1969) cultures of BHK-21 cells were therefore labelled 
with L-[methyl-'^lij-methionine in the presence of 20mii sodium 
formate to prevent methyl-group incorporation into the purine 
ring skeletons. After a 2ru exposure of the cells to 
[methyl“ ^ii]-methionine, the radioactive medium was removed, the 
cell monolayers v.u-ishod several times with nrewarmed non- 
radioactive growth medium and "chased" for various periods of 
time up to a maximum of 72h, "Gold phenol" RNA was then extrastec 
from each culture, mixed with an alinuot of j-labolled ■
cytoplasmic RKA, and examined by sucrose density gradient 
centrifugation (Methods section 5(c)). The profiles of the 
distribution of radioectivity in the ribosomal RNA species 
are shown in Fig III.10 (a) - (d). Fig 111,10 (e) shows the 
total incorporated radioactivity in each of the ribosomal A
Metabolic stability of ribosomes in BHM-21/C13 cells.
Fig, 111,10
Cultures of BHK-21/C13 cells (12 x 10 cells/Roux bottle) 
were grown in 20ml ETO|q containing 20mM sodium formate for 
18h at 37^^C,  ^The cultures were then exposed to lOO^Ci 
Xj-(methyl-^H)-methionine (8,3Gi/mmol) for a period of two 
hours. After this period the growth medium was removed 
and the monolayers washed three times with 50ml portions 
of prewarmed ETC and fresh prewarmed ETGj^ ;^  growth medium 
then added to the cultures. The cultures were then 
"chased" for various lengths of time with this non-radio™ 
active medium and harvested at appropriate times after the 
initiation of the "chase" conditions, RNA was' then 
isolated from the cell pellets by the "cold phenol" method 
described in Methods section 4(a), The RNA, dissolved in 
a suitable buffer (Methods section 4(b)),together with 50pil 
of a 1^*"^ C^ " label led marker RNA preparation, was then examined 
by sucrose density gradient centrifugation in an SW40 rotor 
as described in Methods section 5(c), The gradients were 
harvested and the fractions examined for radioactivity as 
detailed in Methods section 7.
L'^nJ-acid insoluble radioactivity dpm (— o— )
acid insoluble radioactivity dpm
(a) 2 hour pulse control cells, (b) 2 hour pulse then 12h in 
chase conditions, (c) 2 hour pulse then 48h in chase conditions 
(d) 2 hour pulse then 72h in chase conditions, (e) decay rates 
of radioactivity present in ribosomal RNA components.
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species j 28s 8NA and 18s RNA. p t various lines e 1 1c.r the 
initiation of the chase period, These cR: ta. are oo.aputed iroia 
the radioactivity profiles shown in Fi^ '^ III«10 (a)-(d.) and 
IndicaLto that, in B1ÎK-21 cells, under the conditions of the 
expo riment, rapid suppression of |^:ae thyl-^hj -no Uhionine 
incorporation is not attained^ .However these da in indicates 
that in BHJC-21 cells,, tRrovm under the conditions of the 
experiraont, the a.vora^’c half-life of ribosonal RFA is 
a D p r o X i m a t e 1 y 14 2 ho u r a r- n d t h c; t ri b os on c a c a n t h e z' e fo re b e 
considered, as relatively stable conponcnts of I3HK-21 cells, 
1X1*11 Metabolic strbility of low noleoul^ r ,v;eiy:lit c y topic, s aie 
RHAs in 13HK-21 cells
The results of experiments reported in Fig III.10 have indicated 
that ribosomal }V-A is a relatively stable co...ponent of J-3HK-21 
cells and is therefore a valuable parameter in gaining an 
estimate of the aietfbolic stability of the low .molecular 
weight RNA components of these cells. However there low 
moleculfr weight RNA components appear to be devoid of ’nethyl 
groups (see Fig 111. 4) and therefore [methyl-'^nj-rae Lhionine, 
whose inCOrooration can be more readily and more effectively 
suppressed, ww. thin a short period of the initiation of the 
chase, than the incorporation of [Wi*]-guanosine, was an 
unsuitable Irbelled precursor for a study of the low .uolocular 
weight RNAs. Cultures of BHK-21 cells were therefore
137.
exposed to ["^îîj-guanosine for a period of two hours prior to 
subjection to identical chase conoitions as in the exnerunent 
renorted in section 111,10. The data presented in Pig 111*11 
(a) “ (e) indicate that radioactivity from [^h]-guanosine 
cannot he rapidly diluted from the precursor pools and 
consequently still continues to be incorporated into the RNA 
components of the cell suhseauent to the initiation of chase 
conditions. ’^Cold phenol” RNA isolated from cells labelled 
for two hours with -guano si ne and subjected to metabolic
chase for various periods of time was examined by electrophoresis
^  * 
as 7.5/' polyacrylamide gels and by sucrose density gradient
centrifugation. Pig 111*11 (a) - (e), indicates the
distribution profiles of rrdioactiviby in cytoplasmic RNA
components of BHK-21 cells, at various times subsecuent to "chase
as examined by sucrose density gradient centrifugation. These
"b 1profiles indicated that ydij-guanosine has continued to be 
incorporated subsequent to the initiation of the chase and 
that there occurs a linear decay in the total radioactivity 
present in the ribosomal RNA species (see Fig III.11 (e)).
It is also apparent that by 72 hours exposure to the "chase 
conditions" the radioactivity present in each of the RNA 
fractions separated by sucrose gradient centrifugation is 
approaching that originally present after the 2 hour exposure 
to [ I-guanosino * It should also be noted from Fig 111,11 (e)
Metabolic stability of low molecular weight RNA components 
of BHK-21/G15 cytoplasmo
Fig. III.11
Cultures of BHK-»?l/C13 cells (10 cells in 50ml E T C ) were 
grown for 18h at 37'^C before exposure to lOOyiGij^^ H]-guanosine 
(6Ci/mmol) for 2 hourso After this time the radioactive 
medium was decanted and the cell monolayers washed three times 
with 50ml portions of prewarmed ETCjo . One culture was 
harvested at this point and to the remaining cultures 50ml 
of prewarmed growth medium was added, the incubation contin­
ued for various periods of "chase" and the cells harvested 
at 24 hour intervals. RNA was extracted from the cell pellets 
by the "cold phenol" technique described in Methods section 
4(a). The extracted RNA was examined by centrifugation on 
linear 55^(w/v) to 205?^ (v//v) sucrose gradients (Figs.III. 11 (a)-(d) ] 
or by polyacrylamide gel electrophoresis (Figs.Ill.ll(f)-(h)). 
Recovery of the cells and the effects of varying precursor pool 
size wore determined by the sucrose gradient analysis and 
each acrylamide gel was normalised to an equivalent label in 
the cytoplasmic ribosomal RNA. Fig.III.11(e) indicates the 
total i n c o r p o r a t e d - r a d i o a c t i v i t y  present in each of the 
RNA fractions separated by sucrose gradient centrifugation,at 
various times during the "chase" period.
Extinction 260nm (— --), from unlabelled marker RNA electrophor- 
esed simultaneously,j[^Hj-radioactivity dpm (— t,-^)
(a) 2 hour pulse control cells, (b) 2hour pulse then 24h "chase"
(c) 2 hour pulse then 48 hour chase, (d) 2 hour pulse then 72h 
chase, (f) as (a) but electrophoresis in polyacrylamide gels
(g) as (b) but electrophoresis, (h) as (c) but electrophoresis.
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that the decay rates for ?8s and 18s RNA components are 
approximately equal. The significanc.e of this decay of 
ribosomal RNA species vill be discussed later. Figs III.11
(f) - (h) show the distribution profiles of radioactivity 
present in cytoplasmic low molecular weight RNA species after 
appropriate "chase periods'" as examined by polyacrylamide 
gel electrophoresis. Ea:ch profile shown in Figs III.11 (f) *-
(h) was normalised to a constant level of cytoplasmic ribosomal 
RNA. The radioactivity present in each gel fraction was 
corrected by dividing by the ratio of radioaotivity present in 
the ribosomal RNA at that chase time to that present in ribosomal 
RNA after the initial P hour pulse of [ -guanosine, and 
therefore the stability of the low molecular weight RNAs 
measured here is a stability /aeasured relative to that of the 
cytoplasmic ribosomal RNA. From a consideration of the profiles 
shown in Figs III. ].l (f) - (h) it is appa rent that the low 
molecular weight cytoplasmic RNA species referred to in Fig 
III.], as (?)-(lO) are not as stafole as ribosomes and do not have 
a total life span of more than P/j hours and confirms the earlier 
results suggr;sted by a comparison of Figs III. 2 (b) and III. 3 
111,12 Effect of Fthidium b romide and low levels of actinomycin 
D o n  t h e syn thesis of 1 o w m o 1 ecul ^3 r w e igh t cy top la s m i c RNA 
in BNK-21 cells.
The studies so far pursued have indicated that the relatively
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un s t a.l) ICp ( G -t- G ) rich ^ un:ne t hy 1 a bed low mo 1 e cul a r w e i gh t KNA s 
of mammalian cell cytoplaom are located principally in the 
microsomal fraction of the cells. Atbardi and Attardi (1967) 
have reported a membrane bound RNA fraction in hela cells, with 
similar properties but with a (G+C) content of 45/^  and v;hich 
is rels.tivoly stable and hybridises efficiently with mit-uAA,
It is therefore presumed to represent mit-DNA specified RMA 
sequences. In a.ddition, Knight (1969) and Zylbcr, Vesco &
Penman ( I969) hao/e indicatted that the synthesis of mi t-R]\A 
is particula.rly sensitive to the drug, ethidium- bromide. 
Experiiaents were therefore designed to determine whether the 
low molecular weight RNA fraction associated with the 
microsomos of BHK-21 cells represented species of RNA trans™ 
scribed from mit-Dj^A. Except where noted, the cultures used 
in these experiments were treated with low concentrations of 
actinomycin D (O.O^^ig/ml) which has been shown to inhibit 
ribosomal RNA synthesis selectively (see Eigs III.7 and III.8)0 
This therefore permits the study of non-riboso:nal RNA fractions 
in the cell without newly .synthesised high molecular væight 
rRNA complicating the situation. In addition, whore ethidium 
bromide alone was Oiaittedf rom the culture medium these low 
actinomycin D incubation conditions allow the discrimination 
between ribosomal and non-ribosomal RNAs. Various conccntratioiiE 
ethidium bromide were added to identical cultures of BRK-21
143.
cells and after 30 min the culture^' wore exposed to “guanonine 
for a continued incubation period of two hours. The cultures 
were then harvested, ’’cold phenol" HliA isolated and analysed 
by 7.57^ polyacrylamide gel electrophorosiSp The distribution 
profiles of the -labelled RNA o.fter electroplioresis are 
shown in Figs« III.17(a)-(f)» For identification of ohe 
major optical density peaks, bhe optical density profile 
obtained a.s a result of co-oloctrophoresis of unlabelled 
"cold phenol" marker RNA is shown superimposed upon the radio- 
activity profile of FigoIII.12(a). It is apparent that in
control c e l l s “ radioRCtiviby can be found associated with 
all the optical density peaks shown in Fig.111.12(a) and 
that those RNA species, tentatively identified as (10) -(13) 
are found at high specific activity near bhe origin of the gel. 
Fig. 111.12(b) indicates that the synthesis of these "origin 
species" is sensitive to lev; levels of a.ctinomycin 1) and that 
they app*-'uo.r to be of nucleolar origin. In addition it is 
evident from Fig.Ill.12(b) that the synthesis of those RNA 
species described as species (l) -(9) is insensitive to these 
low levels of actinomycin D as is the synthesis of 4s and 3s 
RNAs. This therefore indicates the possible nuclooplasmic 
location of their corresponding cistrons and their non-» 
ribosomal nature in accord with the previously described base 
compositions of these RNA species. The distribution profiles
Effects of ethidium bromide on the synthesis of low molecular
weight RNA in BHK-21/C13 cells.
Fig. III.12
Cultures of BHK-21/013 cells (5 x 10 cells in 100ml ETC^^) 
were grown for 18h at 37^0 then treated with 0.04/ig/ml of 
actinomycin D and appropriate concentrations of ethidium 
bromide for 30min« The cultures were then grown for 2h 
in the presence of 10(^uCi|/H]-guanosine (3.50i/mmol) and 
after this period, the radioactive growth medium was removed, 
the cell monolayers washed with two 50ml portions of ice 
cold BBS and the cells harvested as described in Methods sect^ 
A2o The cell pellets were extracted by the "cold phenol" 
procedure (Methods section 4(aj; and the isolated cytoplasmic 
RNA dissolved in an appropriate buffer(Methods section 4(b)).
The RNA was then examined by polyacrylamide gel electrophoresis 
the gels scanned for optical density, frozen, sliced into 1mm 
segments and assayed for radioactivity as described in Methods 
section (5(b)). ;
Extinction 260nm (-----), [^lij-radioactivity dpm (— e — ,
Profiles from (a) control culture, no actinomycin D,no ethidium 
bromide, (b) control culture, no ethidium bromide, (c) in the 
presence of 0,05)ig/ml ethidium bromide, (d) in the presence of 
O.l^ig/ml ethidium bromide, (e) in the presence of 0. ^ rg/ml 
ethidium bromide, (f) in the presence of 1.Qug/ml ethidium 
bromide.
The figures shown in the left hand edge of each profile,(a)-(f), 
indicate theH]radioactivity present in material of high 
molecular weight which does not enter the gel matrix but is 
retained at the origin.
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Bhown in i'igs 111.1P (c) - (f) further indicate that none 
of the low molecular ivoight RKA apecies insensitive to low 
levels of actinomycin 1) is sensitive to levels of ethidium bromide 
which have been shown to completely inhibit mit-RNA synthesis 
(Zylber al^ 1969). It must therefore be concluded that they 
are not transcribed from a mit-DNA tenpia te and cannot therefore 
be similar to the membrane bound HP A species of si ini la r size 
in Hela cells described by Attardi A Attardi (1967) <.
111.19 fhe effect of othid.ium bromide on. the actinomycin p 
.sen si tlve. low. molecula r _w e iyht R N A . frac tion 
The results of experiments reported in rig ill.IP have 
indicated that the RPA species tentatively referred to as (lOj - 
(13), are sensitive, to low levels of sctinomycin n. Although 
this may possibly indicate the riucleola.r location of their 
cistrons, the possibility still exists that they represent 
the transcription products of mit-DNA. The exnerimerits reported 
in rig IIIoID using ethidium bromide were therefore repeated 
but with the omission from the itiediurn of actinomycin D. The 
cultures were preincubated with various concentrations of 
ethidium bromide for 30 min, radioactive j^'hlj-^juanosine v;a.s 
then added to the cultures and incubation continued for two hours. 
The cultures were then harvested and cold phenol RNA isolated 
and e\amined by electrophoresis on 7. 3/'^ polyacryla .-.ide gels, 
rigure 111,13 shows the electrophoretograms of such [^h]-labelled
Effects of ethidium bromide on the actinomycin D sensitive
RNA components of BHK-Pl/C13 cytoplasm.
Fig, 111.13
Cultures of BHK-21/C13 cells (5 x 10^ cells in 100ml E T C )
were grown at 37*^C for 18h, then treated for 30 rain with 
various concentrations of ethidium bromide in the absence of 
actinomycin D, before being exposed to l O O ^ C i h3-guanosine 
( 3.5Ci/minol) for two hours. After this period the radio­
active medium was decanted and the cell monolayers v/ashed 
twice with 50ml portions of ice cold B3S. From the 
harvested cell pellets RKA was extracted by the "cold phenol" 
method described in Methods section 4(a), and examined by 
electrophoresis in gels of polyacrylamide (Methods section 5(b)) 
The gels were scanned for optical density, frozen, sliced into 
1mm segments and assayed for radioactivity as described in 
Methods section 5»3(b).
radioactivity dpm (— p — )
(a) no drug present, (b) 0.2jug/ral ethidium bromide, (c) l.Ojrg/ral 
ethidium bromide
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RNA preparations after electrophoresis on 7.5^ gels» It is 
apparent from Figs 111,13 (a) - (c) that ethidium bromide alone 
causes no change in the distribution profiles of the cytoplasmic 
low molecular weight RNAs, It should therefore be concluded 
that the RNA species referred to as species (10) - (13) and 
previously described as ’^ origin species'” whose synthesis is 
sensitive to low levels of actinomycin D are not the products 
of mit-DNA but most probably derive from the transcription 
of nucleolar cistrons. Although variability in the extent of 
incorporation of labelled precursors into the low molecular weigh' 
RNA components was experienced between experiments (of. Fig 
111,1? (a) and 111,13 (a)) the pattern of distribution was 
however constant and therefore reflects merely differences in 
the absolute amounts of the RNA species synthesised under growth 
conditions which although similar may vary within narrow limits, 
111,14 The effect of eth id ium bromide on "pro - tR N A s ynthe s 1 s 
in BHK-Pl cells
The kinetics of labelling of low molecular weight cytoplasmic 
RNA species in BHK-?1 cells has previously revealed the existence 
of a heterogeneous class of RNA molecules migrating in positions 
intermediate between 5s and 4s RNA after short exposures to 
radioactive RNA precursors (see Fig III,? (a)). These RNA 
species display the characteristics of precursor species to 
tRNA (see Fig 111,9) and have been characterised in BiiK-?l cells
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by Smillie (1970), The intracellular location of these HhA
molecules has been investigated in Krebs II ascites tumour
cells (Burdon & Clason, 1909) and it was found that they exist
in the cell sap in a free state rather than attached to
microsomes or associated with the mitochondrial fraction.
Howeverj since in BHK~?1 cells and Krebs II ascites cells these
RNA molecules appear rapidly in the cytoplasm within a few minute
of their transcription it was possible that they might be the
products of cistrons present in mitochondrial DNA and be
rapidly transported from those organelles into the cell sap.
To rule out this possibility experijnents v/ere therefore
designed to investigate this by using the selectivity of action
of the drug ethidium bromide upon mitochondrial RNA synthesis.
Cultures of BHK-Pl cells v/ere incubated for 30 min with various
concentrations of ethidium bromide prior to the addition to the
r 3 "I
growth medium of [ Hj-guanosine. The cultures were then pulsed 
with isotope for 3 min in the presence of ethidium bromide.
The cell monolayers were rapidly washed, the medium decanted 
and the *’cold phenol” R14A extracted from the cells jmi ^i.tu 
by the direct addition of the extraction mixture to the 
culture? flask. The extracted ['^ill-labelled RNA was then 
examined by Sephadex GIQO chromatography and the RNA distribution 
profiles from these analyses are shown in Fig 111,14. The 
optical density profiles shown in Figs III.14 (a) - (c)
Effect of ethidium bromide on pre-tRNA synthesis in BHK-21 
SR8/V1 and PyY cells>
Fig. III.14
50 X 10 cells of the appropriate cell line were grown for 
18h in 100ml ETCjj^  at 37^0 then treated with various concent­
rations of the drug, ethidium bromide, for 30 min. After 
this time lOO^GipHj-guanosine (3Ci/mmol) were added and the 
cells pulsed with this level of radioactivity for 3 min in 
the presence of the drug. The growth medium was then quickly 
decanted and the cell monolayer washed with a 50ml portion of 
ice cold BSS. The phenol/ammonium acetate extraction mixture 
(Methods section 4(a)) was then added directly to the cell 
monolayer in the 80oz. winchester bottle and the RNA extracted 
as described (Methods sect. 4(a)). The e x t r a c t e d PO-labelled 
RNA was then examined by chromatography on a column of Sephadex 
GlOO, fractions collected and examined for extinction and 
radioactivity as described in Methods section 5(a).
(a) Pre-tRNA synthesis in the absence of the drug, (b) in the. 
presence of 0.2jAg/ml ethidium bromide, (c) in the presence of 
l.O^g/ml ethidium bromide
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indicate that using* Sephadex GlOO chromatography a separation 
of the low molecular weight 5s and 4s RNA components con be 
achieved from the high molecular weight rRNA components 
which ore excluded from the gel matrix. It can be seen that 
after short time exposures to plll-guanosine the bulx of the 
ra.dioactively labelled low molecular weight cytoplasiaic RNA 
elutes from Gephadex GlOO columns in a heterogeneous fashion 
in positions intermediate betifeen 5s and 4s RNA (Fig. Ill. 14( a) ) . 
This distribution of radioactivity is not altered either quali­
tatively or quantitatively by the incubation of the cells wiih 
ethidium bromide (Figs.III.14(b)-(c)) and at concentrations 
known to inhibit mitochondrial RNA synthesis (Zylber et al, IRoO) 
It is therefore apparent, as previously suspected, that the low 
molecular weight cytoplasmic tRNA precursor species are not 
of mitochondrial origin.
111.1.5 Polyribosome association of cytoplasmic low mole cu lor 
w*e i gh t KNA species.
The analysis of various subcellular fractions for the presence 
of low molecular weight cytoplasmic RNAs as reported in the 
experiments described in Fig III.6 have indicated the almost 
exclusive association of these RNA species with the membrane 
fraction of the cell. The question therefore arises, that since 
this fraction contains both the membrane bound and free 
polyribosomes of the cell, are these RNA species associated
152.
with the polyribosomes. In order to determine this, cultures 
of BHK-21 cells were grown overnight in the presence of
-uridine, to label the stable RNA. components of the coll, 
then treated with 0.04^ig/ral octinomycin 1) and labelled for one
r '3 1hour with I Hj-uridine to detect the newly synthesised
ac t i no my c i n D - resist a n t 1 o v/ mo 1 e c ul a r w o i gh t RN A coin p o n e n b s .
The cells were then harvested and a cytoplr.s.aic fr? ction isolated 
(Methods section @.3 ). From this a total polyriboso cc prepar- 
action was obtained by the treatment of the cytoplasmic fraction 
with sodium dooxyooholato to release the me,ijbrano bound poly­
somes, and analysed by sucrose density gradient centrifugation 
to display the polyribosomes. The optical density profile and 
distribution of radioactivity in the polyribosomes after such 
analyses is shown in Fig.111.15*1. The cytoplasm of BRK-21 
cells apparently contains a significant population of monoribocom 
(74s units) b..:t the bulk of the ootical density profile is 
composed of faster sedimen,ting, heavier polyribosomes. This 
pattern was obtained rcproducibly when the extraction 
procedure described in Methods section was followed and 
indicates that no apparent severe degradation has taxer place.
The distribution of radioactivity is seen to follow quite 
precisely the optical density profile and is consistant v/ith 
its being either ribosomal or mRNA. The ['Ai]-radioactivity 
representing newly synthesised,rapidly labelled RNA components
Association of low molecular weight cytoplasmic RNA species 
with polyribosomes in BHK-21/Clg cells.
Fig. III.15.1
50 X 10 BHK-21/Ç13 cells, grown for 18h in 100ml ETCjo
containing 10^Ci[*^Cj-uridine (62raGi/mniol) were treated with 
0c04p.g/ml actinomycin D, then exposed to l O O ^ G i - u r i d i n e  
(8Ci/mmol) for 60 min. After this time the cells were harves 
ted and from the cell pellet a cytoplasmic fraction was prepared 
as described in Methods section 3(i>). This cytoplasmic fraction 
was treated with sodium deoxycholate and centrifuged, through 
a linear 15^(w/v) to 30^^(v;/v) sucrose gradient for 3h^ to 
display the polyribosomes as described in sectionScof Methods. 
The gradient was harvested and the fractions.examined for radio­
activity and extinction as described therein.
Extinction 260nm acid insoluble radioactivity cpm
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V/8S however administered in the presence of levels of actinomycin 
0 sufficient, to totally inhibit the synthesis of high molecular 
weight ribosomal RNA and could therefore represent mRNA or 
some actinomycin D resistant polysome associated RNA species« 
Similar cultures of 3NK-21 cells were next grown overnight in 
the presence of ^orthophosphate to label the stable ri bo soma!
components and were then pulsed wâth [-uridine in the presence
of low levels of actinomycin 1) as before. From the harvested 
cell pellets a cytoplasmic fraction was obtained as previously 
described and from this polyribosomes were either displayed as 
in Fig ill.15.1, or pelleted and collected as described in 
Methods ( section B3(d)). Fractions corresponding to the polysome 
material as indicated by the bracket in Fig III.15.1 were pooled, 
made.. 0.5^ ( w/v) with respect to sodium dodecyl sulpha te and 
the RNA precipitated with two volumes of ethanol and examined 
by sucrose density gradient centrifugation. The distribution 
profiles of radioactivity and optical density of RNA obtained 
from such a preparation are shown in Fig III.15'2 (a) end 
indicate a, heterogeneous sedimentation pattern of [ ■^H*]-labelled 
RNA components sedimenting between 6 to 35s. There docs however 
appear to be ['^üj-radioactivity associated with the 28s and IBs 
rRNA components and this may indicate only a partial inhibition 
of ribosomal RNA synthesis on this occasion. This was 
confirmed by the results depicted in Fig III.15,2 (b).
Association of low molecular weight RNA components of the 
cytoplasm with j)olY.riboRome8. in BHK-21/Çll cells.
Fig, 111,15.2
(a) 80 X 10 BHK-21/C13 cells, grown for IBh in 100ml ETC|q
containing 25/UCiL^‘'P3-orthophosphate (51o9Ci/iBg P) were 
treated with 0o04iig/ml a,ctinomycin D for 30min, then exposed 
to lOO^uCi [Jh ]-guanosine (5Ci/iamol) for 60min at 37 Prom
the harvested cells .a deoxycholate treated cytoplasmic 
fraction was obtained and the polysomes displayed on a 15^(w/v) 
to 30^^(v;/v) sucrose gradient as in PigoIIIol5ol« Fractions 
corresponding to the polysomal material as indicated by the 
bracket in Fig.Ill.15.1 were pooled,made 0.5^(w/v) with respect 
to SDS and precipitated with 2vol absolute ethanol. The RNA 
pellet, collected from this treatment by centrifugation at 2,500 
rev/min,was dissolved in 1.0ml TKM buffer (pH7-4) and layered 
over a linear gradient of 15/^(w/v) to 30^(w/v) sucrose in TKM 
buffer. The gradient was centrifuged at 24y500rev/min in an 
SV/25.1 rotor of a Beckman model L2 65B for 15h at 4 C, The 
gradient was collected in 1.0ml fractions, the extinction being 
automatically monitored and recorded by passage of the sample 
through the flow cell of a Gilford recording spectrophotometer. 
The fractions so collected were examined for radioactivity as 
described in Methods section 7.
(b) From a similar culture to (a) above, labelled to the same 
extent, a polyribosome pellet was obtained as described in 
Methods section 3(a). The polysome pellet was resuspended in 
1.0ml 0c05M disodium EDÏA ( p H 7 5) and centrifuged through a 
linear gradient of 15^Kw/v) to 30^(w/v) sucrose in disodium 
EDTA (pH7.5) in an SV/25»! rotor of a Beckman model L ultra­
centrifuge at 21,Quo rev/rnin for lioh; The gradient was
The gradient was harvested in 1.0ml fractions and aliquots 
of the fractions examined for radioactivity as described above.
Extinction 260nm (--— - ) ? acid insoluble radioactivity cpm 
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The arrows shown in both Figs III. 15 2(a) and (b) indicate the 
direction of sedimentation^
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A preparation of pelleted riboDoraeo was resuspended in 0>03'A 
divsodiui'n EDÏA to dissociate the polyribosomes to riboso.nal sub­
units (Gros et _sl, 1961 ) by the release of rnRhA chains and the 
chelation of ions. This EDÏA suspension was then examined
by sucrose density gradient centrifugation which revealed that 
dissociation to the subuni ts has taken place but the t there was 
however still some ['^ii]-raxlioactivity associated with the sep­
arated ribosomal subunits. Furthermoreappropriate fractions 
of the gradients depicted in Figs 111,15,? (a) and (b) and 
corresponding to either total polyribosomes, 60s subunits or ;
40s subunits were pooled, tres^ted wi th 3DS and after ethanol 
precipitation, the RNA was examined by polyacrylamide gel 
electrophoresis. The elcctrophoretograms of these RjiA 
preparations are presented in Fig III.15-3 (a) - (c) respectively. 
It is apparent from Fig III.15.3 (a) that all the low molecular 
weight RNA species, tentatively referred to as species (l)-(lO) 
can be found together with 5s and /| s RNA on the polyribosomes 
of ]3H.K-?1 cells. They are however absent from the ED TA 
isolated 60s subunits as indicated by Fig 111.15*3 (b) 
but may be present on the 40s subunits although the 40s 
subunits, as obtained from the gradient depicted in Fig.III.15*
2 (b), are visibly contaminated by a lov/ molecular weigh b 
shoulder which may contain low molecular weight RNA species 
released by EDTA treatment of polysomes.
Association of low molecular weight RNA components of the 
cytoplasm with nolvribosomes in BHK-21/C13 cells.
Fig.III.15.3
(a) Fractions 10-35 from the sucrose gradient analysis of 
polysomal RNA,indicated in Fig.Ill.15*2(a),were pooled,made 
0,5î^(v//v) with respect to SDS and precipitated with 2vol 
absolute ethanol at -20 '^ C for 18h. The precipitated RNA 
was collected by centrifugation at 2500rev/rain for lOmin 
and dissolved in an appropriate buffer(Methods section 4(b)) 
in a volume of lOOjul* This RNA sample was then examined by 
electrophoresis on gels of polyacrylamide as described in 
Methods section 5(b)•(5ma/gel for 5?h). The gels were then 
stained, scanned for optical density, frozen,sliced into 1mm 
segments and assayed for radioactivity as described in Methods 
section 5(b)•
Extinction 260nra (-— ), C^h Î radioactivity cpm (— o ™ )  p] radio­
activity cpm (— 5 —  )
(b) Fractions 20-27 from the gradient displayed in FigoIII(,15« 2(b 
and corresponding to 60s ribosomal subunits were pooled, made
0.5^(w/v) with respect .to SDS and precipitated with 2vol absolute 
ethanol at -20°C for 18h« The RNA obtained from this 
treatment was collected by centrifugation at 2500 rev/min 
dissolved in 100^1 of the appropriate buffer (Methods section 
4(K)) and examined by electrophoresis in gels of polyacrylamide. 
The gels were stained,scanned for optical density,frozen,sliced 
into 1mm segments and assayed for radioactivity as described 
in Methods section 5(b).
radioactivity cpm ( ™ c — ) ,L^^p3 radioactivity cpm (— 0 —  )
(c) Fractions 28-36 from the gradient displayed in Fig. III.15 
2(b) and corresponding to 40s ribosomal subunits,were pooled, 
made* 0.5î^(w/v) wi th respect to SDS and precipitated with 2vol 
absolute ethanol at -20*^0 for 18h. The RNA was collected as 
before and dissolved in lOO/il of the appropriate buffer(Method 
section 4(b) and examined by polyacrylamide gel electrophoresis, 
as in (b) above. i
Pli]-radioactivi ty cprji ( ™ o — ), 'Fj-radioactivity cpm (— o — )
The direction of migration of the RNA species under the 
influence of the electromotive force is indicated by the solid 
black arrow in each of Figs. III.15.3(a)-(c).
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111 ^ 6 ILD.I/ tre.ataent c/jid the rclence from polyri boGOincG of 
low rnolrcalr r weight cytoplas'nic INA.s
One of the preoently accepted criteria for niRNA is that it should 
be present in the non~-riboso:nal RNA fraction released froiQ 
polyribosomes by treatmc.it with disodium EDÏA (Gros o__t I96I) .
Since the low molecular weiaht RNA species found in the cytoplasm 
of BIiK-21 cells and other mammalian cells siiow many of the 
chE.rac tori sties representative of a class of non-ribosomal, poly- 
so.ne associated RNA species it was decided to investigate the 
possibility that they might represent relatively stable 
rnamsialiau mRNA species. If this were so then they should be 
e X p c  ted to be rclcased fro:q polyrib0s0mes by E])ÏA trea trnont. 
Therefore cultures of BNK-21 cells were ..grown overnight in the 
presence of [ -uridine then pulsed with |. 'Nil -guanosine in 
the presence of low levels of actinomycin D as with previous 
polyribosome preparations. The polyribosome pellets 
obtained from those cells were then treated wi th disodiinn EDTA 
as in the experiment reported in Fig III.15.2 (b). The 
results of sucrose density gradient ne.lysis of this preparation 
are sliown in Fig 111.16 (a) which shows that the bulk of the 
I  11 ] - r a d i 0 a c t i v i t y h a s b e e n r c 1 e a. s e d fro :ri t  h e p o 1 y r i b o s o. a e s 
and scdirnents in position between 6 end 35s with no 
radioactivity being associated with the -labelled
subuni ts deri.vod from the polyribosomes. The |, ^  -
EDTA treatment and nolvribosom© B.ssociated low molecular 
,wein:ht. RNA components of BHK-21/C13 cells.
Fig. I I I . 16
(a,) 56 X 10^ BHK-21/G13 cells were grown for 48h in 100ml 
ETC containing 5 0 i i C i - u r i d i n e  (6?mCi/mmol) then treated 
with U.U4/Ag/ml actinomycin D for 30min before exposure to 
2 50ju.CiPHj-gua.no si ne (5Ci/mmol) for 60min. From the cell 
pellet a pellet of polysomes was obtained as described in 
Methods section 5/d)« This pellet was then suspended in 
1.0ml of Or05M disodium EDTA by homogenisation and layered 
over a linear gradient of 15^(w/v) to 30^(w/v) sucrose in 
0«05M disodium EDTA (pM7.5) and centrifuged at 22,000 rev/ 
min for 17h in an SV/25.1 rotor of a Beckman L2 65B ultra- 
centrifuge. The gradient was harvested in 1.0ml fractions, 
the extinction being automatically recorded by passage of the 
sample through the flow cell of a Gilford recording spectro­
photometer . An aliquot of each fraction was examined for rad ' 
ioaotivity as described in section 7 of Methods.
Extinction 260nra ( —  ), P^^c] radioactivity dpm (— o»— ), L^PlJ-radio 
activity dpm (— o —  )
(b) Fractions 26-33 from the gradient displayed in Fig.III.16(a) 
and corresponding to the EDTA released material, were pooled, 
made 0.5^^(w/v) with respect to SDS and precipitated with 2vol 
absolute ethanol at -20^0 overnight. The RNA was then dissol­
ved in 200jal of an appropriate buffer(Methods section 4(b)) 
and examined by electrophoresis in 7.5^ polyacrylamide gels. 
Electrophoresis was for 5h at 5ma per gel at room temperature.
Extinction 260nm (-— -) obtained as a result of electrophoresing 
unlabelled “‘^ cold phenol^* RNA simultaneouslyo Cj*radioactivity 
dpm (— <î— ), f-^H'Jradioactivity dpm (— o— )
The direction of migration of the RNA species under the electr­
omotive force is shown by the solid black arrow. The figures 
in the top left hand of Fig. III.16(b) refer to the radio­
activity present in material of high molecular weight and excl­
uded from the gel matrix.
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radioactivity follows precisely the optical doasity profile 
and therefore indicates thet the sedimentation profile of the 
{[ -radioactivi ty could not be simply due to degradation but 
the true profile presented by the released HNA, for little
-.radioactivity is associated with this released iiiatcrifilo 
Fractions corresponding to the released material in Fig III„
16 (a) wore pooled, treated wi th sodium dodecyl sulphate, ethanol 
precipitated and the RNA examined by polyacrylamide gel 
electrophoresis,. The eloctrophoretograra of the released 
RNA, after analysis on 7,. 5/ polyacrylamide gels is shown in 
Fig III o 16 (b) from which it can bo seen tha.t the released 
material comprises a heterogeneous class of RNA molecules 
wi thin which may be found the low molecular weight RNA species 
(1) - (10).
Ill. 17 Nature of t h e F D T A - r e 1 o a s e d - e o 1 y riboso n o a s s o c j. a t e d Rl ■ k s
Henshaw (ig68) has shown that some 70b of the rapidly labelled 
RNA released from rat liver polyribosomes by EDTA tres tracnt 
is in the form of ribonuclooprotein particles. To examine 
the question of whether the cytoplasmic polyribosome 
associated RNA species of BNK-Rl cells wore in the form of 
ribonuclooprotein particles or naked strands of RNA, the RNA 
or particles must be separated from the polyribosomes. This 
is accomplished by treating the polyribosome preparation wi th 
EDTA, a procedure showi by Gros et al, (1961) to separate the
ribosomes into tlieir subunits and to release raRNA from 
bacterial polyribosomes. Cultures of BHK-?1 cells were 
thereforegrovmi overnight in the presence of ['^ ‘'pJ-ortFophospha.te, 
pulsed for one hour in the presence of low levels of actinomycin 
D wi th[-^Hj-guanosine, and polysome pellets obtained by centri­
fugation as before. A sucrose gradient analysis of an EDTA 
treated polysome preparation is shown in Eig.Ill.17(a). The 
p H^-labèlled RNA., has been separated from the p]-labellod 
ribosomal subunits and the bulk of the released material 
sediments in the 6-40s region of the gradient with some material 
sedimenting between 40 and 60s. That a considerable portion of 
the released material is primarily in the form of free RNA 
strands is indicated by the results of GsCl gradient analysis 
shown in FignIII.17(b) and (c). Polyribosome pellets from 
the cultures used in the experiments above were ’’fixedwitli 
formaldehyde either without prior EDT7. treatment or subsequent 
to EDTA treatment and were then analysed by CsCl gradient 
contrifugation as described in Methods section 
Formaldeliydo fixation covalently cross-links macromolecules 
v;hich e re in close association, such as the RNA and protein of 
ribosomes, forming a structure which is then stable to exposure 
to the high salt conditions of CsCl gradients (Spirin et s]., 
1965). RNA which is essocicted with the ribosomes therefore 
becomes fixed to tliem and bands with them in CsCl gradients,
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HNA onecies in BHK-Pl/Cl'9 cells.
Fig.III.17
(a) 10® BHK-51/C15 cells, grown for 18h in 100ml ETC 
containing 50jj.CiU^ Pj orthophosphate (67Ci/rag P) were treated 
with 0.p4lig/ml actinomycin D for 50 min, then exposed to 
IGO^uCi L^nJ-guanosine ( gCi/mmol) for 60min at 57 C. From the 
cell pellet a cytoplasmic fraction was prepared as described 
i)l Methods section B. 5(b),but in the presence of O.Olbi w/vj 
Mecaloid. Tne cytoplasmic fraction was then layered over 
2t5ml of 2M sucrose in TKM buffer,overlayed with 1.0ml of
0.5M sucrose in TKM buffer and a polysoms,l pellet was collected 
by centrifugation at 40,000rev/min in the SW40 rotor of a 
Griffen-Christ ultracentrii'uge for 4h« The pellet was then 
resuspended in 1.0ml of 0.05M disodium EDTA(pH7.5) by hand 
homogenisation, layered over a linear gradient of 15^(w/v) to 
50^(w/v) sucrose in TKM buffer and centrifuged for I6h at 21000 
rev/min in an SV/25.1 rotor of a Beckman model L ultracentrifuge 
The gracient was harvesteu in x.umi fractions,the extinction  ^
being automatically monitored and recorded by the passage of 'V 
the sample through the flow cell of a Gilford recording spect­
rophotometer. An aliquot of each fraction was then analysed for 
radioactivity by the procedure described in Methods section 7.
Extinction 260nm (— -) Jj^ i^^  acid insoluble radioactivity cpm 
( ™ o — ),Jl^ Ii[-acid insoluble radioactivity cpm (-— o ™ )  ®
(b) 10^ BHK-21/C15 cells grown as in (a) above and the polysome 
pellet prepared as above. The pellet was resuspended in 1.0ml 
TKM buffer by homogenisation and the preparation made 4^(w/v)
with respect to formaldehyde in an ice bath,and after 2h was 
mixed with sufficient CsCl solution to yield a final density 
of 1.48g/cm. This mixture was centrifuged at 56,000rev/min
for 48h in an SV/40 rotor and the gradients collected in 2 drop 
fractions. Density determinations were performed on every 5th 
fraction by Abbe refractrometry and the fractions were examined 
for radioactivity as described in Methods section 7o 
li^Pj'radioactivi ty cpm (— 9 —  ) ,i?H%-radioactivity cpm ( — e —  ) 
density g/cm ( — a—  )
(c) 10 BHK-21/C15 cells cultured as above and polysome pellet 
obtained as in i,bj above but resuspended in 1.0ml disodium 
EDTA before being treated with formaldehyde, subjected to CsCl 
centrifugation and analysis as above
radioactivity cpm (— o — ), [^Hj-radioactivity cpm (— û-^) 
density g/crn (— n— ).
1.4
1.0
E
c
o
UD
( N
0.6
O
30 3S 30 3510 155
G Q
t
S
K
Ë
a.
<j
>
5 t!03
.9
4 "O 03 U*
Sc3:
eu
4 t/3 
1* -
■3
I
O
35 Ë 
O. 
O
30
35
>. 
4~f
*>
U  
03
.2
20
u,
“ Ç
3
10 o
c/3
c
"O
<
1,7
co
ë
I
3 - 4
t)JO
LG
1.5
c/3
Ü
V
Û  1*4
!
O
K
E
a.
o
bcfcboi
Fraction number
'top bottcvv.
V03
O
-s
03
0^
60
50
40
30
(U
z
- .3 30o
s
-  10 
- ^  -
1-53,
èt3]
m ( m
\
,  X
I6,nai3tpn,
‘‘460c pni
X
ti.
0\
/.,47onQcp.. 
eaüopm
I
X
Q'.
n.
'0,
n-.
 ÛsS^
'-0
rOOp
'Cl
'O
■''XI
350 G
cu u
200 >. 
•'G
50 u
C3
40
3-.
30 gTV
X)
04
'■0
10 20 30 40 50 60
20
10
a
c
T9
o
<
Fraction number
The figures on the left hand extremities of the profiles 
represented above are the levels of radioactivity found in 
pelleted material at the bottom of the gradient tpbes.
whilst unassociated RI\|A does not* Free RNA being of high 
buoyant de.isity will, under the equilibrium conditions used 
here, foria a pellet at the bottom of the GsCl gradient ^ and 
protein,being of relatively low buoysnt density, forms a 
pellicle at the top ofthe gradient. Formaldehyde fixed 
ribonuclooprotein particles should therefore band at inter­
mediate densities dependent upon the proportion of RNA to 
protein they contain. In Fig 111.17(b) the polyribosomes 
arc seen to form a sharply sedimenting peak at a density of 
1 *5367 cm" and approxiraately 80/j of the labelled RNA is present 
in the some region, indicating its association with polysomes. 
In Fig. 111.17(c) is shown the GsCl density gradient profile
of EDTA treated polyribosomes which shows a prominent
rr
radioactivity peak at a density of approximately 1.60g*/cm 
with a distinct shoulder at a density of 1.57g/cm'^. Little 
of the short time pul se -radioactivity is found to be 
associated \vith either of the peaks ofl^'^p]-radioactivity at 
1 = bOg/cnX or 1. 37g/cmX but the bulk of theL^il]-rarlioactivi ty 
is present as a pellet at the bottom of the gradient indicating 
that the released material is largely in the form of naked 
RNA strands rather then as ribonucleoprotein particles.
III. 18 The dè tormina tion of the buoy en t densities of ribosomr. 1
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subunits in BiiK-Gl cells.
In order to identify the peaks of g 'PRradioactivity found, in
Determination of the buoyant density of BHK-21/C13 ribosomal 
subunits*
Fig.111*18
(a) 60 X 10 BHK--21/C13 cells were grown for 48h in 100ml EÏC|^ 
containing lOpCilful-guanosine ( 50i/mmol) * From the cell 
pellet a ribosomal pellet was obtained as described in Methods 
section B*3(e)* The ribosomal pellet was suspended in 1.0ml 
of 0.05M di sodium FDTA (pH7.5) by ha,nd horn egoni sat ion, layered 
over a linear gradient of 13^(w/v) to 30^(w/v) sucrose in
0.05M disodium FDTA(pH7.5)? and centrifuged for l6h at 22,000 
rev/min in a SV/25ol rotor of a Beckman L2 65B ultracentrifuge
to display the ribosomal subunits* The gradients was collected 
in 1.0ml fractions, the extinction being automatically monitored 
and recorded by passage of the sample through the flow cell of 
a Gilford recording spectrophotometer* An aliquot of each 
fraction was examined for radioactivity as described in Methods 
section B.7.
Extinction 260nm (-— — ),[^%jacid insoluble radioactivity dpm
( — " O " ) c
(b) The peak fraction (no. 12,Fig.Ill *18(a)) corresponding to 
60s ribosomal subunits was made 8^(w/v) with respect to glutar 
aldehyde and subjected to CsCl density gradient centrifugation 
as described in Methods section B*6(b)« The gradient was 
harvested in 3 drop fractions and density determinations were 
performed on every fifth fraction by Abbe refractometry*
Each fraction was then analysed for radioactivity as described 
in section B.7 of Methods.
i.^H]-^acid insoluble radioactivity dpm (— e — ), density g/cm^(— ej--)
(c) The peak fraction (no. 22, Fig*III.18(a)) corresponding to
40 s ribosomal subunits v/as made with respect to glutar aldehyde 
and subjected to the procedure outlined in (b) above.
[^^H^-acid insoluble radioactivity dpm (— o — ), density g/cm^(-o-) *
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the experiment described above, to have buoyo.nt densities of
1. 60g/cm'^. and 1 « 5 7 ^ / and to be derived from polyribosomes 
by EDTA treatment, the bnoyant densities of BHK-^1 ribosomal 
subunits were determined « A culture of BilK-Pl colls wo.s 
grown for 48 hours in the oresonce ofpHJ-guanosino to label 
predominantly the ribosomal RNA population, and a, ribosomal 
pellet was prepared by Mg precipitation of a deoxycholato 
treated cytoplasmic fraction as described in Methods section 
A f b e r 4^ ' ) ' 1 ' A t r r-: a. t At a n t of the r i b o s o mal pellet, ri b o s o .aal subuni t s 
wore isolated by sucrose; density gradient centrifugation as 
shown in Fig» III„18(a)c Fractions corresponding to. either 
'^ 60s" or ‘"40.3*^  ribosomal subunits were then fixed with 
glutsraldehydc and analysed by GsCl gradient centrifugation 
{Bc.ll tiinore 1; huang, 1868) » Thic résulta Ôf these analyses are 
shown in Fig»III. 18(b) and (c) and indicate that the '’60s” 
ribosomal subunits have a buoyant density of npproximately 
l*59hg/cm and ”40s” subunits have a buoyant density of
1. 5 71 g/ cm^. Th c ' ■ jÎÜ- rad ioaotivity p e a k s shown in Fig. Ill. 17l c) 
as possessing buoyant densities in CsCl of 1.60g/cm and 1.575 
g/cm can therefore be identified as the ”60s”and "40s” 
ribosomal subunits respectively» Therefore it can be stated 
that the bulk of the rapidly labelled,actinomycin D insensitive 
non-ribosornal RNA associated with bhe polyribosomes is 
released.by EDTA as naked strands of RNA.
W V o
III.19 The kinetics of anpcarcnee in the cytoplanm of BHK-21 
cells of newly synthesised ribosomal subunias.
The low molecular weight cytoplasmic RNA species which possess 
certain charecteristies which r^neiable those of mRNA (Gros _et aj., 
1961) for they can be isolated from polyribosomes by EDTA 
treatment, and are rapidly labelled » In higher organisms 
mRNA synthesis is presumed to occur within the nucleus and 
the mRNA is then thought to be transported to the sites of 
protein synthesis, not as free RNA strands but in association 
with ribonucleoprotcin particles» Two different interpretations 
have been pieced upon the nature of these ribonucleoproteins »
One suggests that they represent mRNA molecules attached to 
the smaller ribosomrl subunit (Kohler & Aronds, 1968, doklik & 
Becker, 1965) and the other that they represent specific mRNA 
transporting particles distinct from ribosomes and called 
”informosornes” (Spirin, I960)» The "inf0rmosomes” model 
however suggests that, after EDTA treatment, mRNA should be 
released from polyribosomes in the form of ribonucleoprotoin 
particles v/hicli will display in termediate and distinct buoyant 
densities in CsCl gradients. The results of experiments ■ 
reported in Figs 111.17(b) a nd (c) however have indica tod 
that the material released by EDTA treat:aent of BHK-Rl poly™ 
ribosomes is released as free RNA. Experiments were therefore 
designed to investigate whether the low mclecular weight
Kinetics of appearance of ribosomal subunits in the cytoplasm
of BHK-21/C13 cells »
Fig. 111,19
Cultures of BHK-21/C15 containing 50 x 10 cells were grown 
in suspension (10ml E Ï C in 25ml spinner bottles at 57^0 
in the presence of 400;ACi orthophosphate (51.9Ci/mg P).
The cultures were harvested at appropriate times after the 
addition of isotope and the cells collected by centrifugation 
at 2,500rev/min and washed with a 10ml portion of ice cold 
BSS. From the cell pellet a. cytoplasmic fraction was derived 
as described in Methods section B.3(c),and subjected to 
centrifugation at 20,OOOg for 15min to remove the bulk of the 
polysomal- material. The supernatant from this treatment was 
then layered over a linear gradient of 10^(w/v) to 30^(w/v) 
sucrose in TKM buffer and centrifuged for 6%h at 22,500rev/min 
in an SV/25.1 rotor of a Beckman model L2 65B ultracentrifuge 
The gradients were harvested in 1.0ml fractions, the extinction 
being automatically monitored and recorded by passage of the 
sample through the. flow cell of a Gilford recording spectro­
photometer. An aliquot of each fraction was then examined 
for content of radioactivity as described in Methods section 7.
Extinction 260nm (— -— ) , acid insoluble radioactivity cpm
(  < Vcr>>sSt.4S ■■» ■ ■ ■ .  )  y
(a) cytoplasm from cells pulsed for 5min, (b) pulsed for 20min 
(o) pulsed for 40min, (d) pulsed' for 60min.
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cytoplasmic RUA species in BHK-Pl cells mi^'ht be transported
to the cytoplasm in a.s so elation with newly synthesised ribosomal
subunits as proposed for mRllA by J ok lick à Becker (1965)^
Cultures’of BIlK-fl cells were exposed to p] -orthophorphatc
for short time periods and the cytoplasmic preparations obtained
from these cells were analysed by sucrose density t<j;radient
centrifugation in order to display the monoribosomes and
ribosomal subunits. The kinetics of appearance in the
cy top 1 asm of 33HK»21 cells, of new 1 y - synthesised [^ -
labelled ribosomal subunits is shown in PiciS III^ 19 (a)-(d)
and it is apparent that newly synthesised 'M-Os*^  ribosomal subunit
first appear in the cytoplasm between 20 rain and 40 min after
the initiation of the labelling period and that 60s subunits
132 1appear later. After 60 min of labelling ^ Pj-labelled mono- 
somes (here referred to as 80s units) can be found in the 
cytoplasm. The results of kinetics of labelling experiments 
relating,to the low molecular v;eight RNA species and reported 
in Figs III. 2 (a) and (b) have shown tiiat the low molecular 
w e i gh t p o 1 y r i b o s o ra e - a s s o 0 i a t e d cy t o p 1 a s m i c HM A s o f i3i IK- 21 cell s 
can be found in the cytoplasm in as short a time as 10 min 
0 fter the beginning of the 1 iRje 11 in^ ; period„ 11 therefore
appears improbable that the newly synthesised 40s ribosomal 
subunits is the means of transport of these low molecular 
weight RhA species from the nucleus to the cytoplasm.
III.20 The effect of puromycin on the synthesis of low molecular
weight c y t o T)Icsnlc RhA in 'BHK-21 cells
The experiments described above (Fig III«19) have shown that 
newly synthesised ’^40s" ribosomal subunits are not the means 
of transport to the cytoplasm of low molecular weight polysome 
associated RNAs in BHK-21 cells. In puromycin treated ilela 
cells (Latham & Darnell, 1969) when the appearance of rHKA 
in the cytoplasm in inhibited, mRNA still continues to enter 
the cytoplasm attached to pre-existing ribosomal structures.
The possibility therefore exists that, in .BHK-21 cells, a 
situation similar to that present in puromycin treated Hela 
cells exists for rnHNA transport from the nucleus to the 
polyribosomes. Cultures of BHK-21 cells were therefore
grown for 30 min in the presence or absence of level a; of
puromycin (100yig/ml) sufficient to cause a 98/^  inhibition 
of protein synthesis as judged by its effects upon the 
incorporation of f'^llj-lcucinc into acid-insoluble material.
Cold phenol cytoplasmic HNA was isolated from these cells 
and mixed with an aliquot of a. -labelled cytoplasmic RNA
preparation, prior to analysis by sucrose density gradient 
centrifugation. The results of such analysis arc shown in
Figs III.20 (a) and (b). These radioactivity distribution
profiles indicate that levels of puromycin causing a total 
inhibition of protein synthesis in BHK-21 cells also cause
Effects of puromycin on the synthesis of low molecular weight 
RNA comnoneiits of BHK-21/C13 cells.. ■ i W i  « * ■  w . n » .  ii    iii a  in ' i.ii „ *  i ii —  . n »  ft ■ ■ ■ ■ ■.i ■■> j p M w m
Pig.III.20
Two cultures of BHK-21/C13 cells (10 cells in 50ml ETCj^ were 
grown for 18h at 3'7'^ G. To one of the cultures was then added 
100/Jig/ml puromycin hydrochloride and the incubation continued 
for 15min. After this time lOOjuGi -guanosine (5Gi/mmol) 
was added to each culture and the cells exposed to isotope, in 
the presence of absence of the drug,for 60min. . The cultures 
were then harvested and RNA prepared from the cell pellet by 
the ’*^cold phenol'" method described in Methods section 4(a).
The Ba elated RNA, dissolved in the appropriate buffer 
together w.ith 90^1 of a P ‘^c]“labelled marker RNA, was examined 
by sucrose density gradient centrifugation in a linear gradient 
of 5/^(w/v) to 20^(w/v) sucrose in ammonium acetate buffer(pH5c 1) 
as described in Methods section 5(c). The gradients were 
harvested as described, the extinction being automatically 
monitored and recorded by the passage of the sample through the 
flow cell of a Gilford recording spectrophotometer. Each fra­
ction was then examined for radioactivity as described in 
Methods section B.7.
.^^cl-acid insoluble radioactivity dpm. (— o-— ),[^H|*acid insolubl 
radioactivity dpm (— ,)— )
(a) control cells, (b) puromycin treated cells.
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sn, inhibition of bho oppeornnce of labelling of oil types of 
cytoplesrnic RNAs* Therefore unlike the raHNA species in He la 
cells, the low molecular weight polyribosome associated RNA 
species.of BHK-21 cells do not continue to appear in the 
cytoplasm after the inhibition of protein synthesis by 
puromycin « As found in He la. cells, however, it is apparent 
that puromycin inhibition of protein synthesis prevents the 
appearance in the cytoplasm of BHK-21 cells of newly synthesised 
ribosomes.
III. 21 The of fret of cordycenin on RNA synthesis in BHK-21 coll.-
Studies by Pen nan et al, (1970) have indicated that the 3' 
deoxyadenosine analogue, cordycepin, has a selective effect 
upon RNA synthesis in Hela cells in that the synthesis of 
rapidly labelled polyribosome associated RNA is inhibited by 
the drug whilst the synthesis of HnRNA is unimpaired. The 
effect of cordycepin upon, the rapidly labelled polyriboso-no 
associated low molecular weight RNA species of BHK-21 cells 
was therefore studied. Cultures of BHK-21 cells were incubated 
in the presence or absence of various concentrations of the 
drug for a period of 30 min and were then labelled for 60 min 
with 1. *^0]-uridine. Cold phenol cytoplasmic RNA was isolated 
from the harvested cells. High molecular weight RNA v;as 
ri.nalysed by sucrose density gradient centrifugation and low 
molecular weight RNA was analysed by electrophoresis on 7.5r-
Effects of cordycenin on RNA synthesis in BHK-21/Cl3 cells ^IW'H II" ' MiiPin < I I .If I I H 1 HI I' || " " """ %i#i,miii "i ip i>— ■■> wi —■ .11"" ■nil ewwim iMm imii m ,#i w
Fig.III.21
Roux flask cultures of BHK-21/Cl3 cells (10 cells in 50ml ETC^^) 
were grown for 18h at 37^C. To two of the cultures was added 
either 12.S^g/ml or 25pg/ml cordycepin and the cultures then 
incubated for 30min in the presence of the drug„ After this 
preincubation period, 100jiCi]5lij-uridine ( 3* 5Ci/mmol) was addéd 
to each culture and incubation continued for a further 60min.
The cultures were then harvested and RNA extracted from the 
cell pellets by the cold phenol method (Methods section 4(a)). 
After dissolution in the appropriate buffer (Methods section 
4(b)) samples of the appropriate RNA were eitdier, layered over 
a linear sucrose gradient of 5S^(w/v) to 20^(v;/v) sucrose in 
0.05M ammonium acetate (pH5.l) and centrifuged as described in 
Methods section 5(c), or examined by polyacrylamide gel 
electrophoresis as described in Methods section 5(b).
(a) Profiles of the distribution of radioactivity in the RNA 
components of BHK-21/C13 cytoplasm after centrifugation on 
5^(v;/v) to 20^(w/v) sucrose gradients, ]_^Hl»radioactivity in RNA 
from control cells ( ™ o — ), in RNA irom cells treated with 
12.5/^g/nil cordycepin , in RNA from cells treated with
25)ig/ml cordycepin (— A— )*
(b) Profiles of the distribution of radioactivity in the RNA 
components of BHK-21/G13 cytoplasm after electrophoresis in ' 
gels of polyacrylamide (7.5/0 • H]-radioactivity in RNA from 
control cells ( — o —  ), in RMA from cells treated with 12.5/ig/ml 
cordycenin (— a —  ) ^ in RNA from colls treated with 25;rg/ml 
cordycepin (— A — )
172.
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p o i y c i c r y l u i a i d e  The p r o f i l e s  o f  t h e  d i s t r i b u t i o n  o f
r a d i o o . c t i v i t y  i / i  t h e  RNA oo .apononts  o f  t h e  cy to p lo .s m  o f  c o n t r o l  
Fi.nd d r u r  t r e a t e d  c e l l s  a r e  shown i n  N ig  I I I ,  21 ( a )  and ( b )  and 
i n d i c a t e  t h a t  l e v e l s  o f  t l i n  d r u g  o f  1 2 .5  a r e  s u f f i c i e n t
t o  g r e a t l y  i n h i b i t  t h e  a p p e a ra n c e  o f  l a b e l l e d  RNA co m p o n e n ts  
i n  t h e  c y t o p la s m  o f  EHK-21 c e l l s ,  A c o n c e n t r a t i o n  o f  t h e  
d r u g  o f  25 j i g / n i l  c a u s e s  a t o t a l  i n h i b i t i o n  o f  l a b e l l i n g  o f  
t h e  c y t o p l a s m i c  HI''I A compo n e n t  s , 11 o w e v e r  F i  g I I 1 ,2 1  ( b) i n  d i  c a t  e
t h a t  b o t h  t  h c s e d r  u g cone c n, t  r  o. t  i  o n s t o t  a 11 y  i  nh i  b i  b t  h o 1 ab c 11 i n  g 
o f  p o l y r i b o s o m e  a s s o c i a t e d  lo w  m o l e c u l a r  w e i g h t  RNA s p e c i e s  
i n  BHK-21 c e l l s  and t h a t  t h e  s y n t h e s i s  o f  4s and 5s RNA 
co m p o n e n ts  i s  g r e a t l y  i m p a i r e d  b y  d r u g  t r e a t m c n t ,
III o 22 ■Rel a t i ans-' 'ip.._o,f th e  , p y n t h e s ir g f ^ . l p w m o le c u l a r  c i g h t
cytQpln.smlc.J(NAs:._.tD._..thc c o l l .  _gro\-rth c y c l e  j n  B H K -21__crHLl a
Rapidly labelled polyribosome associated low rnolecula.r weight 
RNA components corresponding to histone mRNA species appear 
on Hela cell microsomes specifically during the S-phase 
of the ccllgrov/th cycle and their synthesis is linked to the 
replication of DNA (Brown, Hcharff & Robbins, 1967, Hallwitz 
à Huellor, 1969). Since, in BHK-21 cells, the polyribosome 
associated, low molecular weight RNA species appeal' to be 
stable for at 1 ea,st one generation time ( 14 - 16 hours in 
ETC^g grow til medium, sec Nig II, 1(a)) it was decided to 
investigate the relatio?iship of the synthesis of these low
«L f ^4" »
molecular v/eight RNA species to the cell growth cycle and 
whether their synthesis was coordinated with the synthesis of 
the stable constituent of the nucleus, the DNA. Cultures of 
BHK-21 cells were therefore synchronised by the inhibition of 
DNA synthesis by treatment of the cultures with excess thymidine 
( Methods section A3Ô0 • At various times after release from 
the block the cultures were pulsed w i t h - g u a n o s i n e  for 
60 min and cold phenol” RNA then isolated from the cells and 
examined by polyacrylamide gel electrophoresis. The 
distribution profiles of the radioactivity present in the 
various low molecular weight RNA components at selected times 
after release from the block are :shown in Fig.III.22(a) and 
an analysis of the rates of synthesis of each HNA species at 
various times after release from the block is shown in Fig« III. 
22(b). The rates of synthesis of most of the low molecular 
weight cytoplasmic RNA Components during the S phase of the 
cell growth cycle appear to be independent of the rate of DNA 
synthesis and increase linearly in a fairly constant fashion 
throughout the period of examination but the changes in the 
rates of synthesis of the species referred to as (2) to (4) 
appear to show more pronounced changes than those of the other 
low molecular weight RNA species in that their rates of synth­
esis increase in a well defined manner over the late S to 
phase of the cell growth cycle and follows a similar pattern
Synthesis of low molecular weight RNA components of BHK-21/C15 
cytoplasm in relation to the cell growth cycle.
Pig.III.22(a)
Distribution profiles of radioactivity present in low molecular 
weight RNA components of BHK-21/Cl5 cytoplasm at various times 
after release from a thymidine block. n
Monolayer cultures of BHK-21/C15 cells (5 x 10 /80oz. winchester 
bottle) were grown for 18h in 100ml ETC|q at 37*^0 and synchrony 
induced by treatment of the cultures with 5mM thymidine as 
described in Methods section A.3(b), and the block reversed 
as described therein, by washing the cell monolayers with fresh 
prcwarmed ETCj^ grov/th medium. . The cultures were then pulsed 
with 100u G i H j -guanosine (5Ci/nimol) for Ih, in every hour after 
release/ unto the 8th hour post release and the cells harvested, 
washed and collected as described in Methods section A2.
Cold phenol RNA was isolated from each cell pellet and analysed 
by electrophoresis on 7.5^ polyacrylamide gels. The profiles 
of the distribution of radioactivity in the low molecular weight 
RNA components at selected times after release from the block 
are shown in this figure. The gels were frozen,sliced into 1mm 
segments and assayed for radioactivity as described in Methods 
section 7.
3H radioactivity dpm (^«^^— ).
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Fig.III.22(b)
The rates of synthesis of the various low molecular weight RNA 
components of BHK-21/G13 cytoplasm after release from a 
thymidine block.
Monolayer cultures of BHK-21/G13 cells (50 x 10^/80oz. bottle) 
were grown for 18h in 100ml ETG,(^  at 37^G and synchrony induced 
by treatment of the cultures with 5mM thymidine as described 
in Methods section A3, and the block released,as described 
therein by washing the cell monolayers with fresh prewarmed 
ETG|(^  growth medium. The cultures were then pulsed with lOOjrCi 
- guanosine (5Gi/mmol) for one hour, in every hour after 
release, up to the 8th hour after release, and the cells 
he.rvosted,washed and collected as described in Methods section 
A2. From the cell pellets, "cold phenol” RNA was isolated 
(Methods section 4(a)) and analysed by electrophoresis on 7.5^ 
polyacrylamide gels as described in Methods section 5(b).
At the same time smaller cultures of the same batch of cells 
(5rx 10^GelIs/60mm potri dish) were similarly treated with 
thymidine,but after release from the block, were pulded with 
5jrCi 1? hJ ™ thymidine ( 26Gi/mmol) and the rate of DNA synthesis 
measured,at various times after release from the block, by the 
incorporation of thymidine as described in Methods section 
A4. The same set of data regarding the different rates of 
Hi-thymidine incorporation at various times after release is:- 
presented in each section of Fig.Ill.22(b) (ie»(l) to (13)) to 
facilitate interpretation of the data regarding the rates of 
synthesis of various low molecular weight RNA components.
Incorporation of [/h] radioactivity from Ptl]-thymidine (-“--)dpm. 
Blil-radioactivity from l?Hl-g;uanosine incorporated into low 
molecular weight RNA, dpm (— o— ).
Section (14) shows similar data for ribosomal RNA synthesis 
obtained from 5/'(w/v) to 20^(w/v) sucrose gradient analyses of 
RNA extracted from similar cultures treated v/ith lOOyiGib^Pj» 
orthophosphate (51.2Gi/mg P) after release from a thymidine 
block.
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t o  t h a t  p r  0 0 on t e d  b y  t h e  18s and 88 s r iboGorùo. l  RllA s p e c i e s  shown 
i n  Fi^^ I I I . 88 ( b )  ^14 . The r i b o s o m s !  RKA p s . t t e r n  shown i n  
s e c t i o n  14 o f  F i g  I I I , 8 8  ( b )  i s  c o n s i s t e n t  w i t h  t h e  
t r a n s c r i p t i o n  o f  t h e  d u p l i e s  ted. rDFA t h r o u g h o u t  t h e  p e r i o d  o f  
e x a m I n s t i o n  a l t h o u g h  i t  has  been fo u n d  t h a t  rDKA d u p l i c a t i o n  
o c c u r s  some Ig- t o  3 h o u r s  r ^ f t e r  the  i n i t i a t i o n  o f  t h e  S phase 
( A m a ld i y  G iacom on i  & Z i t o - B i g n a m i , 19 69 )  i n  C h in e s e  h a m s to r  
c e l l s .
I l l , 23 The r f f e c t  o f  to v o c r -m y c i n  on l o w m o le c u l a r  y y - iah t  
cytop.la-.sm.lc aKA s y n t h e s i s  i n  c e l l s
E a r l i e r  k i n e t i c s  o f  l a b e l l i n g  e x p e r i m e n t s  r e p o r t e d  i n  F i g  I I I . 8
( a )  and ( b )  have  s u g g e s t e d  t h a t  t h e  lo w  m o l e c u l a r  w e i g h t  p o l y ­
r i b o s o m e  a s s o c i a t e d  s p e c i e s  o f  t h e  cy to p ia ,a m  m i g h t  p o s s i b l y  
be d e r i v e d  n o t  as a r e s u l t  o f  d i r e c t  t r a n s c r i p t i o n  b u t  
b y  t h e  c le a v a g e  o f  some l a r g e r  n u c l e a r - l o c a t e d  REA m o l e c u l e s .  
R e c e n t l y  T a v i t i a U ;  U r e t s k y  & A cs ,  (1 9 6 8 )  have r e p o r t e d  t h a t  
lo w  c o n c e n t r a t i o n s  o f  t h e  a d e n o s in e  a n a l o g u e ,  t o y o c a m y c in ,  
w h i l s t  a l l o w i n g  t h e  p r o d u c t i o n  o f  49s r ~ o r e - H u A ,  p r e v e n t s  i t s  
m a t u r a t i o n  t o  c y t o p l a s m i c  r ib o s o ru t ' . l  RKAd . T h i s  is- c n v i s a g c d  
as o c c u r i n g  as a r e s u l t  o f  t h e  i n c o r p o r a t i o n  ' o f  t h e  ana i logue  
i n t o  t h e  n u c l e o l a r  p r e c u r s o r s  a l t e r i n g  t h e i r  t e r t i a r y  s t r u c t u r e  
and so i n h i b i t i n g  t h e i r  c l e a v a g e  t o  t h e  m a tu re  s p e c i e s .  I t  
was t h e r e f o r e  c o n s i d e r e d  th a . t  s i n c e  th e  p o l y r i b o s o m e  a . s s o c ia t e d  
n o n - r i b o s o m a l  REA s p e c i e s  o f  BHK-21 c y t o p la s m  c o n t a i n e d  a
JL lOa
reasonable proportion of adenosine residues (see Table III « 2), 
incorporât ion of the adenosine a.ialogue into any putative pre­
cursor molecules for these species should possibly result in 
an inhibition of their appea;ranee in the cytoplasm of those 
cellso Cultures of BnK-81 cells were thera;fore preincubatcd 
with various c one cn trait ions of toyocemycin (0*5/rg/:nl,l,0pg/ml) 
prior to a 45 min iocuoation with H -guanosino. Cytoplasmic 
RNA was then extracted by the cold phenol technique and 
an.alysed by sucrose density gradient centrifugation and 
elcctrophorosis in 7c 5^  ^ polyacrylamide gels. The profiles of 
distribution of radioactivity in the RNA components of the 
cytoplasm as examined by sucrose dejisity gradient centrifugation 
are shown in Fig.Ill.25(b). These profiles indicate that
concentrations of the drug of either 0. [yg/ml or 1. D^ig/ml 
totally inhibit the cppearonco in the cytoplasm of labelled 
13s and 28s ribosomal RNA components in BHK-21 cells. Levels 
of the drug of 0.5yig‘/m;l however suppress by 12.5/^ the incorpor- 
ation of radiosctivity into the low molecular weight RKA 
components displayed on sucrose gradients, and when the concen­
tration of the drug of l.Oyug'/ml is used the incorporation into 
this fraction is suppressed by about 50/^ -. When these RNA 
prepaavitions are examined by polyacrylamide gel electrophoresis 
it is apparent that both drug concentrations used totally 
suppress the appearance of radioactivity in the cytoplasmic
Effect o f . . . t o % Q O .a m % .o m _ im _ o v . t o n la a m ic  RNA synthesis in BHK-21
cells.
Pig.III.25
5 Roux bottle cultures of BHK-21/C15 cells (10 cells in 50ml 
ETC IQ ) were grown for 18h at 57’^G, Toyocamycin was added to 
two of the cultures to a final concentration of either Oo5jug/ml 
or l.Opig/ml and incubation continued for 50mine lOOjiCi of 
pH]-uridine (5«5Ci/mmol) were then added to each culture and 
the incubation continued for a further 45 mirio After this time 
the radioactive growth medium was decanted, the cell monolayers 
washed twice with 50ml portions of ice cold BS3 and the cells 
harvested by trypsin!sation. "Cold phenol" cytoplasmic RNA 
was isolated from the cell pellets and after dissolution in 
the appropriate buffer(Methods section 4(b)),was examined by 
sucrose density gradient centrifugation in 5^(Wv) to 20;^(w/v) 
sucrose gradients (Fig.Ill. 25(b) ) as described in Mei:hods 
section 5(c), or by electrophoresis in gels of polyacrylamide 
(Fig.III.25(a)) as described in Methods section 5(b).
(a) Profile of the distribution of radioactivity in cytoplasmic 
RNA components of BHK-21/Cl5 cells after electrophoresis in 7.»55^  
polyacrylamide gels."-
ÎI h^'I radio activity in RKA from control cells  ^ in RNA '
. from cells treated with 0. 5pg/ml toyocamycin (— e,— ) ^ in RNA 
from cells treated with l.O^ig/ral toycamycin (— A— ) .iJ'^ 'Cj- 
radioactivi ty from coelectrophoresed marker RNA,dpm (— -— ).
(b) Profile of the distribution of radioactivity in cytoplasmic 
RNA components of BHK-21/C13 cells after centrifugation in 
5/^(w/v) to 20^(w/v) sucrose gradients.
L^nX-radioactivity dura in RNA from control cells ( — o— ^), in 
RNA from cells treated with 0,5jcig/ml toyocamycin — ), in
R N A ‘from cells treated with 1 . C^g/ml toyocamycin (— A-
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HNA species referred to as (2) to (10). In addition 5c RNA 
synthesis mo.y also be inhibited by these relatively high 
concentrations end 4s RNA synthesis sppears to be .suppressed 
by sbout 50/4 in drug treated cultures,
III c 24 T iv;- effects of oC - anani tin on Hi'A syn thesis in BHK-21 cellr 
EXerirnenis einp 1 oy ing ].ow 1 evels of ac tinouycin ]) ( see Fig. Ill,
12 (b)) ha.ve suggested the nucleoplasmic location of cistrons 
corresponding to some of the low molecular weight cytoplasmic 
RNAs but conclusive evidence in support of this hypo thesis 
would only bo obtained if some means of specifically inhibiting 
the synthesis of nucleoplasmic RKA was available. Soluble 
RKA polyaiera-ise activity extracted froiû various mammalian nuclei 
h as ex h i bit e d t w o cep a r a, te act! v i ti e s, one bei ng a s s ociated w i t h 
the nucleolus, the other extranucleolar (Roeder & Rutter,
1970, Jacob, Sajdel & Munro, 1970). In vitro polymerisation 
by the extranucleolii.r enzyme is inhibited by the drug 
ci-c'imanitin, a slow acting toxic componcnt of the toadstool,
Arasniita jnialloidc5S, whilst the antibiotic does not inhibit the 
nucleolar enzyme under similar conditions. Therefore a specific 
method for the inhibition of nuclooplacmic R?TA synthesis 
apparently resided in the use of ot-amanitin and the i^ n vivo 
effects of pl-amanitin upon RKA synthesis in BHK-21 cells were 
therefore investip;a.ted. Culture,s of BHK-21 cells were
preincubated for various times in the presence of various
oconcentrations of the drug before exposure to -uridine
for either 15 min or one hour. From each set of cultures the 
acid soluble radioactivity v/ps obtained from the v/ashed cell 
monolayers as described in the legend to Fig.24 (a).
From the isolpted subcellular fractions of similprly labelled 
cultures the total eicid insoluble ra.dioactivity present in 
nuclear RNA was estimated from cultures labelled for 15 min, 
and in cytoplasmic RNA from cultures exposed to isotope for 
60 min. The results of these investigations are presented in 
Fig III. 24 (a) and indicate that the incorporation of - 
uridine into the RNA of the nuclear and cytoplasmic fractions 
of BHK-21 colls was reduced by a maximum of 70-80/ by 
b(-amanitin treatment. This effect was found to be independent 
of the durait ion of the preincubation period (5 min, 10 min or 
one hour) of the cells wi th the drug and therefore represents 
a true effect of the drug upon RNA synthesis rfather than 
an expression of rapid cell dea,th caused by drug treatment.
Fu r the r mo re since t h e 1 eve 1 of r aul i o a ctivi ty p r c s on t in t h e 
acid soluble fraction of both treated and untrea ted cultures 
is the s am e it i s ap p a r e n t th a. t (/-am a ni ti n do c s not i n terf e r e 
with the uptake of the nucleoside. Since however the acid 
insoluble radioactivity in the various subcellular fractions 
falls with an increasing level of drug treatment there is 
therefore no apparent deficiency in drug uptake itself. The
Sensitivity of in vivo RNA synthesis in BHK-21/C15 cells 
to I^-amanitinp
Fig.III.24
Cultures of BHK-21/C13 cells were grown for 18h in E T C a n d  
preincubated for an appropriate time with various concentrations 
of (/-amanitin before exposure to 50juCi 11'^h1-uridine (5Ci/raraol) 
for a suitable time period (15min or 60min). The growth 
medium was then removed and the cell monolayers v/ashed with 
an appropriate volume of ice cold BSS. Acid soluble"material: ' 
was obtained from the washed cell monolayer ( 10” cells/60ram dish) 
by further washing with two 1ml portions of ice cold 5/(w/v) 
trichloracetic acid and the radioactivity in the combined 
fractions assayed by liquid scintillation spectrometry in 10ml 
of a dioxan based scintillant. (Methods section B7). .
"Cold phenol" cytoplasmic RNA was extracted from lo"^cells(«©-) . 
and nuclear RNA (-o-) from 2 x lO^cells as described in Methods 
section 4(b). The RNA samples were examined for radioactivity 
by the procedure outlined in Methods section B7«
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shape of this in vivo dose response curve, with respect to 
RNA synthesis of co:nponents of the nucleus and cytoplasm of 
BHK-Rl cellsJ is similar to that obtained with a soluble RNA 
polymerase activity isolated from rat liver, (Novello,
F lum e & S t i r p e ,  19 70 )  , To i n v e s t i £ ’:a te  t h e  n a t u r c  o f  t l i e  
^ - s m a n i t i n  s e n s i t i v e  RNA, c u l t u r e s  o f  B R K -P l  c e l l s  w e re  t r e a t e d  
w i t h  K - a m a n i t i n  as b e f o r e  and l a b e l l e d  f o r  e i t h e r  15 m in o r  60 
m in  v / i t h  [ ^ r i j - u r i d i n e ^  C o ld  p h e n o l  RNA was i s o l a t e d  f r o  a 
c u l t u r e s  e xp ose d  t o  i s o t o p e  f o r  60 m in  and n u c l e a r  RliA was 
i s o l a t e d  b y  t h e  ^Niot p h e n o l - t e c h n i q u e  f r o m  t h e  de t o r m e n t  
c l e a n e d  n u c l e i  o f  c e l l s  l a b e l l e d  f o r  I p  m in .  C y t o p l a s m i c  RNA 
v/as exa m in ed  b y  s u c r o s e  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  and 
p o l y a c r y l a . a i d e  g e l  e l  o;c t r o  p h o r e s i s  and n u c l e a r  RNA was 
a n a l y s e d  o n l y  b y  s u c r o s e  d e n s i t y  g r a d i e n t  e x a m i n a t i o n .
Profiles of the distribution of radioactivity in the RNA 
components of the cytoplasm from control and drug treated 
cultures after centrifugation in 5/^  ~ 20'/o (v//v) sucrose 
gradients are presented in Fig III.74 (b) and indicate a 
progressive reduction in the levels of incorporation of 
radioactivity in all species of cytopla.smic RNA as the level 
of drug treatment is inci'eased. These profiles also • 
reveal the unexpected inhibition of ribosomal RKA labelling.
It should be noted also that some lO^ o of the total acid 
i21 soluble radioactivity is apparently resistant to Dt-a-manitin
F t££cna ii-a iL iX ^.m an l± ln_nn™ jihR ™ ayn iihB .a la -jiiL -B N [A _nam piQ na iT J;B _ ji£
jiliB_n5Ltnalasia»QjLJHKrL2l/613_çrils,e.
Fig.III.24(b)
Profiles of the distribution of radioactivity in the HNA 
components of BHK-21/Cl5 cytoplasm synthesised in the 
presence of 0<^-a.raanitin
BHK~21/C13 cells in 100ml E T C w e r e  grown to.a density of 
10 ^ cells per culture and preincubated with various 
concentrations of Ot-araanitin for 50min before being exposed 
to 100^ .iGi -uridine ( 50i/mmol) for 60 min. After this time 
the cultures were washed,harvested and collected as described 
in Methods section A2. Cold phenol RNA was extracted from 
the cell pellets (Methods section 4(a)) and after dissolution' 
in the appropriate buffer (Methods section 4(b)) was layered 
together with 50^1 of["^Cj-labelled marker RNA over a linear 
gradient of 5^o(w/v) to 20/^(w/v) sucrose in ammonium acetate •. 
buffer (Methods section 5(c)) containing 0.1^(w/v) CDS.
The gradients were centrifuged at ^O^OOOrev/min for 5h in an 
SV/40 rotor of a Beckman L2 65B ultracentrifuge, and were har­
vested in 8drop fractions, the extinction being automatically 
monitored and recorded by passage of the sample through the 
flow cell of a Gilford recording spectrophotometer. The 
fractions were then assayed for radioactivity as described in 
Methods section B7,
Acid insoluble L'^^clradioactivity dpm ( ~ o — acid insoluble 
pH] -radioactivity dpm ( ~ o — ).
/'J
IBs
4
28s 1Ù3
Aniaiti’(:tri
i^slii.
/
JJ W  5 1 «
« J " ' , .
aStî IQ;
r^l
a
10 20 30
A A r ' ^ ' ' " \
4 4
Z,8s 18.'
AiiianUui
2Sa 18s
Am Am fern
y\
I  /  / W - ' ^ ’A
 . ,  ,
Cu 
/ "O
3
>
6
n
51
5
3
4 Vj
2_
c
3 -cr
n?
05
2 Z
MCi^1 a-
o'
K
•~*-
9 ^
X
8
7 6
10 30 30 40 10 20
Fraction number
30 40
F i g e l l l . 2 4 ( c )
Profiles of the distribution of radioactivity in the low 
molecular weight RNA components of BHK-21/G13 cytoplasm 
synthesised in the presence of K-amanitin.
BHK-Pl/ClJ cells in 100ml ETC|<^  were grown to a density of 
10^ cells/culture and preincubated with various concentrat­
ions of K-amani tin for 50min before being exposed to lOOjiGi 
pH]-uridine (5Ci/mmol) for 60 mine. After this time the 
cultures were washed, harvested and collected as described 
in Methods section A2. Gold phenol RHA was extracted from 
the pH]'labelled cell pellets and after dissolution in the 
appropriate buffer (Methods section 4(b)) was mixed with 
50)il of a P^'Cj-labelled marker RNA preparation and examined 
by electrophoresis in 7.5^ polyacrylamide gels,(Methods
section 5(b)), . Radioactive gels were then
into 1mm segments and the fractions assayed 
as described in Methods section 5(b). The 
migration was from nega.tive to positive as 
the arrow in the first of the figures shown 
The figures quoted in the top left hand corner of each 
section of the figure represent the radioactivity present in 
material excluded from the gel and retained at the origin.
frozen, sliced 
for radioactivity 
direction of 
indicated by 
in Fig,III.24(c)
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i r e  e t  ment end s e d im e n t s  i n  s u c r o s e  g r a d i e n t s  v i t ' n  a r a t h e r  
he t e  r o g eneou s d i  s t  r i b u  11 on b c - 1 e r  n 6 t;.nrl 28a , Thf? ria t u r c  o f 
t h i s  r e s i s t a n t  m a t e r i a l  was. exam ined  by p o l y a c r y l a m i d e  g e l  
e l e c t r o p h o r e s i  s r-s sho^’^i i n  b i g  { c ) These p r o f i l e s
oT t h e  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  th e  lo w  m o l e c u l a r  w e i g h t  
HMA s p e c ie s  r e s o l v e d  by e l e c t r o o h o r e s i s  on If. p o l y a c r y l a m i d e  
g c I s  r  e V  cn. 1 t  h a t  a t. 1 o v-.- r r  cone s.- n t r a  t i  on s o f  (X -  a rn a,n i  t  i  n t  h e 
p o l y r i b o s o m e  a s s o c i a t e d  c y t o p l a s m i c  HNAs s u r v i v e '  t h e  d r u g  
t r e a t r n e r i t  b u t  t h a t  t h e i r  sy n thcs i s  i s  i n h . i b i t e d  b y c o n c e n tra t i o n ,  
o f  bile d r u g  above  ? y .ig7m l, above  w h ich  t h e  o n l y  d o t e c t a b l y  
l a b e l l e d  s p e c i e s  a r e  5s and 4s spec  1 es t o g e t h e r  w i t h  so.me
l a r g e r  hird'u-'-r m o l c c u l r . r  w e i g h t  m r t e r i r l  w h ic h  i s  o x c lu c io d  
f r o m  th e  g r I s .  P r o f i l e - ' '  o f  bhr d i s t r i b u t i o n  o f  r r - d i o a c t i v i t y  
i n  the  n u c l e r  r  PNA components;  o f  UHK--P1 c e l l s , s y n t h e s i s e d  
i n  t h e  p r e s e n c e  o f  ( X - a m a n i t i n  a r e  shown i n  b i g  l l i a ? 4  ( d j .
Once again the same pa a tern of inhibibion ;s occurr' d in 
the cy top la cm ore sen ts it.srlf in the nuclear KiNA species 
with a distinct in’ i hi tion of 45s  and 52s r-prw-Rri A labelling 
occuring with the increased drug concentration and a residual 
amount of incorporation in lower molecular weight components 
surviving at the highest drug concentrations used. These 
results of 04“-amanitin* sensitivity of RNA synthesis in BHK-21 
cells therefore tend to suggest that the in vivo effects 
of (X-amanitin arc quite different from the in vitro effectwS.
Effect o f - s manitin on the synthesis of RNA components of the
nucleus in BHK-21/C15 cells.
Fig,III.24(d)
Profiles of tne distribution of radioactivity in the RNA 
components of the nucleus of BHK-21/G13 cells synthesised in 
the presence of X— amanitin.
7
BHK"-2l/C13 cells in 50ml ETCjy/ære grown to a density of 2 x 10 
cells per culture and preincubated for 30min with various con™ 
centra,!ions of K-amanitin pefore being exposed to lOOjACi 
t/Hj-uridine (5Gi/ramol) fori ISmin» Nuclei were then prepared 
"from the harvested cells by the method of Penman et al,(1967) 
as described in Methods section B* Z>( a), RNA was extracted it 
from the nuclei by the "hot phenol SDS'* technique described in 
Methods section 4(b) and after dissolution in the appropriate 
buffer was layered, together with 50j.il of aU'^cJlabelled marker 
RNA preparation, over a linear gradient of 5/(w/v) to 20^o(w/v) 
sucrose in 0o05M ammonium acetate (pH 5.1) containing 0, !?&( w/v) 
SDS, The gradients were centrifuged at 39?OOOrev/min in an 
SV/40 rotor for 5h as described in Methods section 5(c), and were 
harvested in 8 drop fractions, the extinction being automatically 
monitored and recorded by the passage of the sample through the 
flow cell of a Gilford recording spectrophotometer. Tne frac­
tions were then examined for radioactivity as detailed in 
Methods section B7.
E^^cl-acid insoluble radioactivity dpm («— o— ),t^hTacid insoluble 
radioactivity dpm ( — o— ).
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In addition if indeed 0(-amanitin,in vivo, interacts only with 
the extranucleolar polymerase,then these results suggest 
that ribosomal RNA synthesis ^  yi^o; may be controlled 
by a product of the Ot-amanitin sensitive polymeraset, A 
similar finding has been reported in rat liver nuclei by 
Jaofpbj, Muecke, Sajdel & Munro (1970).
Ill.25 Low molecular weight RNA components of the nucleus. 
Several distinct species of low molecular weight RNAs from 
the nuclei and nucleoli of mammalian cells can be resolved by 
polyacrylamide gel electrophoresis (Burdon & Clason, 1969, 
Weinberg & Penman, 1968, Muraraa.tsu, Hodnett & Busch, 1966).
The results displayed in Fig.III.1(a) have shown that these 
low molecular weight RNA species also exist in the nuclei of 
BHK-21 cells. Labelling studies of Hela cells (Weinberg & 
Penman, 1968) show that the low molecular weight RNA of the . 
nucleus is metabolically stable and partitioned between the 
nucleoplasm and nucleolus. Fig.III.25(a) shows the distribution 
profile of -radioactivity in a number of low molecular 
weight RNA moeities (designated as 1 ~ 14) after labelling 
a randomly growing population of BHK-21 cells for 24 hours.
Such a picture is similar to that obtained by Weinberg & Penman 
(1968) and the number of peaks was constant whatever labelling 
period greater than 1 hour was used, although the maximal level 
of label in each peak varied. Peak 14 of Fig.Ill.25(a) has
189.
an electrophoretic mobility comparable with that of the 
cytoplaomic 4s RNA and as observed by Weinberg & Penman 
(i960), tliere was a double peak of racbioc.ctivi ty (designated 
as 12 and 12') with the electrophoretic mobility of 5s RNA.
These low 'aolecular weight nuclear species are composed of 
RNA in that they arc resistant to degradation with DNase 
and pronaso, are labile to alkali and are labelled with 
precursors such as ^p] -orthophosphate of -uridine.
Their relative sctircity and .netabolie stability arc reflected 
by the fact that they label only slowly with “■orthophosphate
or L^Fi],-uridine and Weinberg & Penman ( 1968) have estimated them 
to be present to the extent of approximately TO'" molecules 
per cell. Fig III.25 (b) shows the distribution profile 
of [^d]-labelled RNA isolated from BhK-21 cell ruicleoli after 
exposure to -guanosine for 24 hours. A comparison of 
Figs III.25 (a) and (b) indicates that not all of the low 
molecular weight RNA species are present in both compartments 
of nucleus, for the components designated as 6, 7, and 11,do 
not appear to be present in the profile of Fig III.25 (b).
Ill. 26 M e t h V1 a t i 0 :t of lo w mole c u 1 a r v: e j. g ht nuclear RNA 
components of BHK-'^l cells
Most if not all of the low molecular weight RNA components present 
in Hela cell nuclei are extensively methylated. (Weinberg à 
Penman, 1968). In order to determine whether the low 
molecular weight nuclear RNA species in BRK-21 cells
Low molecular weight RNA components of the nucleus in BHK-21 
hamster fibroblastb o
Fig.III.?5
Distribution of radioactivity in the low molecular weight RNA 
components of the nucleus of BHK-21/C15 cells after electro­
phoresis in 7.5^ polyacrylamide gels.
(a) A randomly growing population of BHK-21/C13 cells (5 % 10^ 
cells/80oz. winchester bottle) was grown for 12h in 100ml Eagles 
'^phosphate free minimal essential medium supplemented with lOfo
(w/v) dialysed calf serum. The growth medium was then decanted 
aseptically and 50ml fresh phosphate free EC growth medium and 
5 0 0 ^ C i - o r t h o p h o s p h a t e  (70Ci/mg P) added to the culture and 
incubation continued for 24h. Nuclei were then prepared from 
the harvested cell pellet by the Tween 80 method described in 
Methods section B,3(a), and jl^pj-labelled RNA extracted from the 
isolated nuclei by the hot-phenol"SDS method (Methods section 
4(b)). After dissolution in the appropriate buffer^ppjlabelled 
RNA together with unlabelled marker RNA was examined by electro­
phoresis in polyacrylamide gels as described in Methods section 
5(b) 0 The gels v/ere then frozen, sliced into 1mm segments and the 
fractions assayed for radioactivity as described in Methods 
section 5(b). '
Optical density in arbitrary units (----),l^p| radioactivity cpm
( — V-— )
(b) Distribution profile of the radioactivity present in low 
molecular weight RNA components of the nucleolus of BHK-21 cells 
after electrophoresis in 7,5% polyacrylamide gels.
*7
A randomly growing population of BHK-21/C13 cells (5 x 10 /80oz. 
winchester bottle) was grown for 24h in the presence of 25^iCi 
]?Hj*guanosine (6Ci/mmol). Nucleoli were prepared as described 
in Methods section B.3(b) and RNA then extracted by the hot- 
phenol“SD3 method. This RNA was then examined by polyacryl­
amide gel electrophoresis (Methods section 5(b)) and the gels 
assayed for radioactivity as described therein. The optical 
density profile was obtained as a result of electrophoresis of 
unlabelled nuclear RNA under the same conditions.
Optical density in arbitrary units (— -), radioactivity dpm 
( —  — ).
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( eiiuraare ted as 1 “ 14 in Fig ( a) ) cont&iined methylated
nucleosides y cultures of BHK-Pl cells were grown overnight 
in medium containing POraK sodium formate and [ -methyl]- 
methionine « The - labelled nuclear RNA extracted from the
Tween 80 purified nuclei was coclcotrophoresed with -
labelled nuclear RNA from a similar culture exposed to -
orthophosphpte for P4 hourso The electrophoretograrn of 
such an examination is shown in Fig III,P6 and indicates 
that the nuclear low molecular weigdit RNA species referred 
to as (l) - (6) are extensively methylated as is the 4s RNA- 
like species 14* The species referred to as (7) ■- (9) may 
be methylated to a low level but species 10 (the 7s RNA) and 
IP and 1 ? * ( the 5s RNA), and also species (13) uppear to bc 
devoid of methyl groups*
IIIc ?7 Synthesis of low molecular weiaht nuclear RNA in 
-relation to the cell cycle in hiiK-Pl cells*
Since many of the low molecular weight RNA species uniquely 
associated with the nuclei of mammalian celD.s are metabolically 
stable y the timing of their synthesis in synchronised cultures 
of BHK-21 cells was investigated to determine whether their 
synthesis was closely coordinated with that of the major 
stable constituent of the nucleus, the DNA* BHK-Pl cells 
were therefore cultured as monolayers in phosphate-free 
Eagles :aininial essential medium supplemented wi th dialysed
Méthylation of low molecular weight RNA components of the 
nucleus of BHK-P1/G13 cells *
Fig.III.26
A culture of BHK-21/C13 cells (5 x 10^ cells in 100ml ETC,o )
was grown overnight tin medium containing 20mM sodium format© 
and PO^Ci L-JfH-raethyl]-methionine (8* 3Ci/mmol) * The cell 
monolayer v/as then washed with a 50ml portion of ice cold 
BSS and the cells harvested by trypsinisation* From the 
cell pellet, nuclei were prepared by th© Tween 80 method of 
Fisher & Harris (1962) and RNA extracted from these nuclei 
by the hot^phenol-SDS technique described in Methods section 
B,4(b)c After dissolution in the appropriate buffer, the 
RNA was examined by electronhoresis in 7.5^-polyacrylamide gels, 
àhd co-electrophoresed withL“'^Pi-labelled RNA from a culture 
exposed to lOO^ACiP^pJ-orthophosphate (70Gi/mg P) for 24h*
The radioactive gel was frozen,sliced into 1mm segmentSj and 
the fractions assayed for radioactivity as described in 
Methods section 5(b).
Optical density,obtained as a result of electrophoresis of 
unlabelled marker RNA^iii arbitrary units ( ~ “— ) p] radio­
activity cpm- ( —  •=— ), radioactivity cpm (— o ~ )
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calf' serum to deplete the cellular phosphate pools before 
labelling the cells with -orthophosphate» DNA
synthesis was arrested in each culture by the addition of 
aminopterin and after 12 hours the blockage imposed on DNA 
synthesis Vfas released by the addition of thymidine.
[^^3^-orthophosphate was added to each culture and incubation 
continued for various times. RNA was then isolated from 
the Tween 80 nuclei of these cells and electrophoresed through 
7c 5^ gels of polyacrylamide. Because the amount of nuclear 
RNA present in the -labelled samples was small, unlabelled
nuclear RNA from JBHK-21 cells was electrophoresed in identical 
conditions to act as a marker. At the same time as the 
incubation of the cultures with -orthophosphate, smaller
cultures of the same batch of cells were blocked with 
aminopterin and released from the block as described above. 
However, after release from the block the cultures were 
treated with -thymidine and the rates of DNA synthesis 
measured by the incorporation of ['^Ill-radioactivity at 
various times after release. Cells synchronised by this 
procedure show a peak of maximum DNA synthesis 3h after 
release from the blockage. The maximal amount of 
radioactivity corresponding to the low molecular weight RNA 
species enumerated in Fig 111.25 (a) was then examined at 
each hour after release from the blockage. Fig III.27 (b) - (n)
3jtHJÜiaai^û.£-Iii3iL-m rilËiiular.-Hai^.lxji^IIÂ--nQj3(inQ jia a -'iia .-a£.-Jih.a
Fig.III.27
■52
The time course of incorporation of P into the low molecular 
weight RNA comnonents of the nuclei of BHK-Pl/Cl3 cells 
enumerated in Fig.IÏÏ.25(a), after release from aminopterin 
block.
Monolayer cultures of BHK-?l/C13 cells (lO^cells/BOoz. bottle) 
were grown in 50ml phosphate free Eagles medium supplemented 
with 10^(v/v) calf serum(dialysed),for 24h. Synchrony was 
induced as described in Methods section A.3(a) and released 
by the addition of thymidine. 100jjiCi^^p]-*orthophosphate
(67Ci/mg P) was added to each culture and the incubation 
continued for various lengths of time,after whichj^l^-labelled 
nuclear RNA was isolated and electrophoresed^ as detailed in 
Methods section 5(b). The maximal level ofjp p'J-incorporation 
into each of the RNA components indicated in Fig. Ill 
25(a)(and enumerated as 1 to 14) is indicated in sections (b) 
to (n), after tne cells had been exposed to "^ P^ continuously for 
Various lenf<ths of „tlme after release from am 1 non10rini block. 
Section (a) represents the totod\:^^pj-incorporation (— o— ) 
into material excluded from the gel (ie high molecular weight 
ribosomal RNA(18s and larger) and DNA), under the same condit­
ions.
At the same time smaller cultures of the same batch of cells 
were blocked with aminopterin and released from the block, as 
described in Methods section A. 3( e,). However after release 
from the block the dishes were treated with h]-thymidine
(26Ci/mmol) and the rates of DNA synthesis measured by the 
incorporation ofL^H]-thymidine. The same set of data regarding 
the different rates o f H ] - t h y m i d i n e  incorporation at various 
times after release from aminopterin blockage (maximum rate is 
found at 3h after release) is represented in each section of 
Fig.III.27 (ie (a) to (n) ) to facilitate interpretation of the 
RNA labelling patterns.
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shows the time course of incorporation of -radioactivity
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into these low molecular weight nuclear RNA components after 
release from the blockc The same set of data regarding the 
different rates of thymidine incorporation at various times 
after release from the aminopterin blockage is presented 
in each 'section of Fig.Ill * 27 to facilitate the interpretation 
of the RNA labelling patterns. It seems that certain of the 
low molecular weight RNA species'are synthesised only at, or 
just after, the time of maximum DNA synthesis during the S 
phase of the cell cycle, namely components 1 - 8 ,  and 13? 
whist other species 9? 10, 11, 12, 12' and 14 appear to be 
synthesised continually. To verify that aminopterin 
treatment had not interfered with the normal synthesis and 
processing of other RNA species, such as ribosomal RNA, which 
has been shown to be synthesised throughout the cell cycle in 
cells synchronised by mitotic selection (Robbins & .Scharff, 
1966), cells, cultured and blocked as before were labelled 
withP^i^-orthophosphate for one hour at hourly intervals 
after the release from aminopterin blockage and cytoplasmic RNA 
analysed by sucrose gradient centrifugation. The amount of 
labelled 28s and IBs rRNA that appeared in the cytoplasm 
after each hourly pulse up to 8 hours after release from the 
aminopterin blockage is shown in Fig. III. 28. . This 
pattern of labelling is similar to the pattern obtained with
nopterm ana -une, .synunesis oi rioosomai j.yo
1,8. • 
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bottles cultures of BHK-21 /Cl3 cells (10 cells in 50ml 
were grown for 12h at 37 C and synchrony induced by treat- 
with aminopterin as described in Methods section A.3(a). 
r release from the aminopterin block each culture .was 
sed to lOO^GiC^^Pj -orthophosphate (67Ci/mg P) for one hour 
very hour after.'release up to the 8th hour post release.
phenol cytoplasmic RNA was isolated from the harvested 
s and examined on linear 5^(w/v) to 20fa{\j/v) sucrose grad- 
s as described in Methods section 5(c). The gradients 
harvested in two drop fractions and the fractions assayed 
radioactivity as described in Methods section B7.
included in Fig III.28 is the profile of the different 
s of DNA synthesis (-— ) at various times after release from 
aminopterin block and as obtained from the treatment of 
1er cultures of the same batch of cells with H -thymidine 
i/mmol).'
acid insoluble radioactivity dpm (---
8s rRNA ( "nT» ), in 18s rRNA ( A ) #
) , radioactivity
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the ''thymidine synchronised'* cells shown in Fig III. 22 (b)
14 and indicates that no serious impairment of the 
biosynthesis and maturation of ribosomal RNA had occurred as 
a result of drug treatment of the cultures*
DISCUSSION
DISCUSSION
RNA fractionation techniques such as sucrose density gradient 
centrifugation, column chromatography on methylated albumin 
kieselguhr (MAK) or gel filtration in agarose or Sephadex 
columns have allowed only limited separations of the host of 
RNA species to be found in extracts of eukaryotic and prokaryotic 
cells, and have largely permitted a separation of high molecular 
weight RNA components from those of low molecular weight. Such 
techniques therefore afford a reasonable separation of the 
ribosomal RNA components (23-30s and l6-18s according to species) 
from the soluble or transfer RNA components of these cells.
The fractionation of RNA by electrophoresis in supporting gels 
however provides the possibility of a more extensive and more 
precise separation of RNA species than is possible by the 
above mentioned techniques and Tsanev (I965) has achieved 
excellent separations of the ribosomal RNA components and 
various minor RNA species by electrophoresis in agar gels.
The application of polyacrylamide gel electrophoresis which 
proved so successful in the separation of proteins (Frederick, 
1964, Ornstein & Davis, 1964*) and in which the gel pore size 
can be closely controlled, to the separation of RNA molecules 
(Loening, 1967), has enabled a resolution of RNA species which 
is greater and more detailed than can be achieved by sucrose 
density gradient analysis, gel filtration or MAK chromatography.
199.
Electrophoresis in low concentration gels (2.2 - 2,6^ acrylaraide) 
gives a fractionation similar to that obtained by density 
gradient centrifugation and shows the two ribosomal RNA 
components, and a number of minor species (see Fig.Ill.1(c),
In 7.5^ gels 4b and 5s RNA are separated and ribosomal RNA is 
excluded but in addition a number of low molecular weight RNA 
species are resolved, (see Fig III,1(b)), Until recently,
RNA was considered to belong to one of three categories; tRNA 
ribosomal RNA or messenger RNA. The development of more 
sophisticated analytical techniques such as polyacrylamide 
gel electrophoresis coupled with improved cell fractionation 
procedures (Penman ejfc al, 1966) has permitted the detection 
of a number of hitherto unrecognised RNA species in both 
the nuclear and cytoplasmic fractions of mammalian cells.
Among these RNA species are fractions of relatively low molecular 
weight. This report has described some of the characteristics 
of such small RNAs in the cytoplasm and nuclei of BHK-21 cells,
(l) Bow molecular weight RNAs of the nucleus 
The nucleus of mammalian cells contains, in addition to the 
nucleolar ribosomal precursor RNAs (Perry, 1962, Murama.tsu ^  
1966, Weinberg ^  al, 1967), a class of unstable 
nucleoplasmic heterogeneous RNA of unknown function (Scherrer _et 
al. 1966, Attardi I966, Penman et 1968). In
addition recent work has indicated the existence of a new class
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of low molecular weight KhA species in the nuclei of mammalian 
cells (Wcinherg & Penmen, 1968, Prestoyko cc Busch, 1963, 
Nakamura, Prestayko & Busch, 1968, Purdon à Glason, 1969).
These RNA s p e c i e s  w e re  f i r s t  o b s e r v e d  b y  K n i g h t  & D a r n e l l  ( 1 9 6 7 )  
i n  a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  H o la  c e l l  n u c l e a r  RNA,
A d e t o n i c d  exam ina  t i o n  o f  t h o s e  s p e c i e s  i n  t h e  n u c l e i  o f  H e la  
c e l l s  has  been r e p o r t e d  by  W e in b e rg  & Penmaa ( 1 9 6 8 ,  1 9 6 9 ) .
These a u t h o r s  e x a m in e d  th e  lo w  m o l e c u l a r  'w e ig h t  RNA s p e c i e s  
o f  t h e  n u c l e i  w i t h  r e s p e c t  t o  base  c o m p o s i t i o n ,  m e t h y l a t i o n ,  
o c c u r r e n c e  i n  t h e  n u c l e o l a r  and n u c l e o p l a s m i c  f r a c t i o n s ,  
r e l a t i o n s h i p  t o  c y t o p l a s m i c  RNA s p e c i e s ,  m e t a b o l i c  s t a b i l i t y  
and s e n s ! t i v i t y  t o  v a r i o u s  i n h i b i t o r s  o f  RNA s y n t h e s i s .  I n  
a d d i t i o n ,  t h e  r e l a t i o n s h i p  o f  t h e i r  s y n t h e s i s  t o  th e  c e l l  c y c l e  
was exam ined  i n  c e l l s  s y n c h r o n i s e d  by a d o u b le  t h y m i d i n e  b l o c k .  
B r i e f l y ,  t h e y  d e s c r i b e  n i n e  lo w  m o l e c u l a r  w e i g h t  RNA s p e c i e s  
am ongs t  w h ic h  can be fo u n d  th e  5s r i b o s o m a l  RNA and t h e  28s 
a s s o c i a t e d  lo w  m o l e c u l a r  v /o ig h t  RNA o f  t h e  l a r g e r  r i b o s o m a l  
s u b u n i t .  M os t  o f  t h e s e  RNA s p e c i e s  a.rc m e t h y l a t e d  and a r c  
m e t a b o l i c a l l y  as s ta .b le  as r ib o s o m e s  w h i l s t  o t l i e r s  p o s s e s s  h a l f -  
l i v e s  o f  a p p r o x i m a t e l y  one g e n e r a t i o n  t i m e .  These s m a l l  
n u c l e a r  RNAs a r c  more w e a k l y  bound t o  t h e  c h r o m a t i n  t h a n  
th e  HnRNA as j u d g e d  by  case  o f  e l u t i o n  by  s a l t ,  and a p p e a r  
t o  be r e s t r i c t e d  t o  t h e  n u c l e u s  f o r  t h e y  show no a p p a r e n t  
r e l a t i o n s h i p  t o  t h e  m o n o d is p e r s c  m e t a b o l i c a l l y  u n s t a b l e  RNA
'^ 01c
species found in the cytoplasmic supernatant. Their synthesis 
in Hela cells does not appear to be coordinated with the repli­
cation of DNA in the S phase and they appear to survive the 
mitosis of the cells (Rein, 1971). Furthermore, the synthesis 
of these low molecular weight RNA species in Hela cells is 
strongly affected by several of the inhibitors of nucleolar 
RNA synthesis and, in a.ddition, Rein (1969) has reported that 
these low molecular weight nuclear RNA components are found 
in a wide variety of vertebrate cell lines (L.929» 3T^ mouse 
cells, V/I38, human fibroblasts, Xenopus laevis, chick embryos). 
Similar low molecular weight RNA species have been reported 
in the nuclei of rat liver, (Peacock & Dingham, 1967) KB cells 
(Larsen, Calibert, Belong & Boiron, 1967) and Novikoff hepatoma 
(Nakamura, Prestayko & Busch, 1968). This report describes 
similar species in the nuclei of BHK-21 cells and which range 
in size from 80 nucleotides (4s or tRNA) to approximately 350 
nucleotides in length. Like the low molecular weight nuclear 
RNA species of Hela cells, most if not all of the low molecular 
weight RNA components of BHK-21 nuclei appear to contain 
methylated nucleosides (with the exception of "7s" or 28sA 
RNA and 5s RNA" and to be distributed in a similar fashion 
between the nucleoplasmic and nucleolar fractions of the 
organelle. Zapisek, Saponara & Enger, (1969) examined 
similar species in the Chinese hamster ovary nuclei and have
shown them to possess distinct unique méthylation patterns 
which indicate that they are not the degradation products 
of other types of methylated RNA. Weinberg and Penman (I969) 
noted a low level of 28sA RNA in the nuclei of Hela cells but 
in BHK-21 cells this is apparently the principal low molecular 
weight RNA component of the nucleus. Although this may 
suggest cytoplasmic contamination of the nuclear preparation, 
the low level of 4s-like RNA (referred to as species 14 in Fig 
III.25 (a)), as found in Hela cells, might argue against this 
possibility and the high levels of 28s-A RNA in BHK-21 nuclei 
may therefore reflect a true species difference in the 
relative content of the various low molecular weight RNA 
species in these cells. Evidence in support of such species 
differences in the relative distributions of low molecular 
weight nuclear RNA components may be reflected in the data of 
Prestayko & Busch (1968) who indicate high levels of the 
"4s--like" component in the chromatin fraction of Novikoff 
hepatomas, in contrast to the situation in Hela cells* In 
common with the findings for Hela cells, however, [^^p]- 
labelled BHK-21 low molecular weight nuclear RNA, after 
eledtrophoresis in gels of polyacrylamide, shows a double peak 
of radioactivity in a position of migration corresponding to 
that of 5s RNA from the cytoplasmic ribosomes. This bifid
peak of radioactivity may represent the "native" and "denatured*
forms of 5s RNA, as suggested by Weinberg & Penman (1969) to
be derived as a result of the hot phenol extraction procedure,
or may indicate the presence, in addition to 5s RNA, of a
minor, distinct low molecular weight RNA component, for under
conditions when methyl group incorporation, into the purine
ring skeletons, of RNA precursors is suppressed by 20mM
sodium formate, a low level of radioactivity is found in
the region of 5s RNA, an established unmethylated RNA species.
A comparison of the electrophoretic mobilities in polyacrylamide
gels of RNA species present in the nuclear and cytoplasmic
fractions of BHK-21 cells, the distribution of methyl label
radioactivity in these RNA species after exposure of the cells 
f 3 1to I H -methyl]-methionine and their kinetics of synthesis in 
relation to the cell cycle, suggests that the low molecular 
weight RNA species of the BHK-21 cell nucleus are, as reported 
for similar RNA species in Hela cells (Weinberg & Penman, 1969), 
confined to this organelle and that they bear no apparent 
relationship to the low molecular weight RNA species of the 
cytoplasm with similar electrophoretic mobilities. At present 
however, the possible presence in the nuclear RNA fraction of 
those unmethylated cytoplasmic RNA species v/hich, in poly­
acrylamide gels, possess electrophoretic mobilities closely 
similar to those of the low molecular weight methylated RNA 
species apparently confined to the nucleus, cannot be excluded.
It is apparent that their detection in the low molecular weight
RNA fraction of the nucleus is made difficult by the presence
of the comigrating methylated RNA species confined to this
organelleo In addition the low molecular weight RNA species
of the BHK-21 cell nucleus appear to be similarj, with respect
to the extent of their presence and their apparent stability,
to the low molecular weight RNA species of the Hela cell
nucleus, for their relative scarcity and metabolic stability
are reflected in the observation that they are labelled only
slowly with RNA precursors such as P^p]---orthophosphate or
-uridine (see Rig III.25)« Whilst transfer RNA molecules
are present to a level of approximately 10^ molecules per cell,
these low molecular weight RNA species of the nucleus have been
5estimated each to be present to only approximately 10 molecules 
per cell (Weinberg & Penman, I969, Prestayko & Busch, 1968)0 
In Hela cells the synthesis of the metabolically stable low 
molecular weight RNA species of the nucleus is not apparently 
related to the synthesis of the DNA in the S phase of the cell 
growth cycle and they appear in fact to be synthesised at a 
fairly constant rate throughout the 3 and phases of the cell 
cycle» Similar investigations of the relationship to the cell 
cycle of the synthesis of low molecular weight RNA species in 
the nuclei of BHK-21 cells indicate however that, in contrast to 
the situation in Hela cells, certain of the low molecular weight
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RNA species are probably synthesised only at, or just after, 
the time of DNA synthesis during the 3 phase of the cell cycle 
and early periods of phase, namely components 1-8 and 15 
(see Fig III.25 (a)) whilst other species 9, 10, 11, 12 and 1 2 ’ 
and 14 appear to be synthesised continually. The significance of 
these different .patterns of synthesis during the cell growth 
cycle is at present obscure since no precise function can 
yet be ascribed to these low molecular weight nuclear RNA 
components. However, if some of these RNA species are only 
synthesised, as is suggested by the data presented in this 
thesis, at, or around the time of cellular DNA synthesis, ie. 
at the end of 3 phase or beginning of G^ phase of the cell 
cycle, then they may represent RNA species involved, in some 
way, in the regulation of cellular gene expression as suggested 
by Prestayko & Busch (1968). Furthermore since these RNA 
species appear, on the whole, to be metabolically relatively 
stable, to contain methylated nucleosides and are not synthesised 
coordinately with the DNA in the S phase of the cell cycle, it 
is unlikely that they are related to the histone messenger RNA 
species reported in Hela cells by Gallwitz & Mueller, (1969).
Since these low molecular v/eight RNA components are, in the 
main, extensively methylated and are confined to the nucleus, 
and since the evidence for nuclear protein synthesis is 
extremely circumstantial and quite suspect, it is unlikely
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that these RNA species, although they are of the approximate 
size, represent mRNA species. The possibility also exists 
that they may be related to the chromatin RNA species reported 
by Bonner's group (Huang & Bonner, I969, Dahmus & McConnell, 
1969) and which are reported to confer the specificity upon
the DNA-chromosomal protein interaction. However Weinberg &
Penman (1969) reported the low molecular weight nuclear RNA 
species to be easily eluted from the chromatin by low salt 
conditions unlikely to remove the covalently attached 
’’chromosomal RNA" of Bonner. These low molecular weight RNA 
species reported by Weinberg & Penman and here reported in 
BHK-21 cells, are therefore unlikely to be related to the 
'’chromosomal RNA" reported by Bonner (Huang & Bonner, I969) .
In addition, a recent reexamination of chromosomal RNA (Heyden 
& Zachau, 1971) suggests that it is at least partially composed 
of fragments of tRNA and V/einberg & Penman ( 1969) have shown 
these low molecular weight nuclear RNAs to possess base composi­
tions distinct from that of tRNA. At present one can only
speculate upon the probable function of these low molecular 
weight nuclear RNAs, but since they apparently survive mitosis 
it is possible that they perform a structural role in the 
determination of chromosome structure or they may be involved 
in chiasma formation during recombination events. However, 
it must be emphasised that there is only scant information at
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present available regarding the molecular characteristics of 
these RNA molecules and that much investigation of the precise 
molecular structure of these RNA molecules requires to be made 
before a knowledge of their function will be obtained* The 
v/idths of the bands of migrating RNA in polyacrylamide gels 
suggests that each species of low molecular weight RNA 
(enumerated as 1-14 in Fig.Ill * 25(a)) is homogeneous and 
represents a unique type of RNA moleculeo In Novikoff hepatomas, 
Prestayko & Busch (1968) have shown that among the small 
molecular weight nuclear RNAs of hepatomas,only the 4s™like 
RNA component (species 14 in BHK-21 cells) contains amino acid 
acceptance activity and is therefore presumed to represeht tRNA 
molecules.
Although Egyhazi ejt al, ( 1969) have suggested that "pro-tRNA" 
molecules may be found in the nuclei of insect cells, no 
evidence could be found for their accumulation or transient 
association with the nuclei of BHK-21 cells, in keeping with 
the findings of Burden et ^,(1967) mid Burdon & Clason,(1969) 
who have indicated that these molecules appear in the cytoplasm 
of mammalian cells within minutes of their transcription from 
nuclear genes.
(2) Low molecular weight RNA of the cytonlasmj^
(1) Molecular characteristics«
Initial examination, by polyacrylamide gel electrophoresis of
RNA preparations from unlabelled Krebs II ascites tumour cells 
(Burdon & Clason,1969) suggested that, in addition to 5a and 4s 
RNA, the cytoplasm of mammalian cells also contained minorramounts 
of lov7 molecular weight RNA components(defined as RNA molecules 
of an average chain length less than 500 nucleotides) possessing 
lower electrophoretic mobilities than 5s RNA but greater than 
that of the high molecular weight 18s RNA of the cytoplasmic 
ribosomes. Weinberg & Penman(l969) have referred to similar
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species in the cytoplasm of Hela cells and the present study 
has indicated their existence in a number of mammalian tissue 
culture cell lines (L929, BHK-21 and Hela cells). They also 
appear to be present in the cytoplasm of rat liver (Stevely,1971)» 
However, these RNA species may be absent from the cytoplasm of 
insect cells for Egyhazi al, (1969) have reported that the 
cytoplasm of the salivary’gland of Chironomus tentans contains 
no low molecular weight RNA species besides the 4s to 5s RNA 
components. The low molecular- weight RNA components of lower 
elèotrophoreticomobilitÿ/than 5s RNA, and reported here to be 
constituents of several mammalian cell lines, may not therefore 
be a geheral feature of eukaryote cells but may be restricted 
to the vertebrates, although their presence in prokaryotic cells 
is suggested by the work of Adesnik & Levinthal (1970). In all 
the eukaryote cell types so far examined in this report, these 
RNA species show remarkably similar electrophoretic mobilities
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in polyacrylamide gels and the homogeneity of each species is 
suggested by the band widths after electrophoresis, for these 
RNA species display bandwidths less diffuse than 4sRNA or 5s 
RNAo They are estimated to be between 80 and 550,nucleotides 
in length. Optical density profiles and méthylation studies 
of the low molecular weight RNA components of BHK-21 cells 
indicate that the minor component of the cytoplasm referred to 
as species (1), which migrates in a position intermediate bet­
ween 5s and 4s RNA,shows some of the characteristics of tRNA*
A-species of RNA wi th similar characteristics of electrophoretic 
mobility and méthylation has been reported in the cytoplasm of 
E_o 0,0li and the mitochondria of Hela cells by Knight & Sugiyama 
(1969). This RNA species is referred to as tRNA B; and displays 
different amino acid acceptance patterns to the species found 
in Hela cytoplasm from which it is apparently absent. It is 
in part associated with the ribosomes both in Hela mitochondria 
and E ocoli cytoplasm. . The RNA species referred to in BHK-21 
cytoplasm as component (l) is however unlikely to be related 
to the tRNA B of Hela cells mitochondria or E.coli. Since 
the "cold phenol" procedure for RNA extraction does not contain 
any detergents, which are necessary for the extraction of 
mitochondrial nucleic acids (Luck & Reich, 1964), it will not 
extract the nucleic acids of mitochondria and since the tRNA B 
species of Hela cells is present in mitochondria and absent
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from the cytoplasm and the BHK-21 oell RNA component (l) is 
present in "cold phenol" extracts of intact cells, the two 
species are unlikely to be related. In addition experiments 
with the drug ethidiura bromide, which specifically inhibits 
the synthesis of mit-DNA specified RNA species, (/Zylber et ad, 
1969) indicate that in common with the other "cold phenol" RNA 
species of BHK-21 cells, component (l) is not specified by 
mit-BNA as are most, if not all, of the mit-tRNA species so 
far examined (Nass & Buck, 1969).
Méthylation studies of RNAv,extracted from cells exposed to
I, ^ H -methyl]-methionine have shown that the low molecular
weight RNA components with an electrophoretic mobility lower
than 5s RNA are devoid of methylated nucleosides. In addition
estimates of the molecular weights of these RNA components
suggest that they range from 25,000 to 110,000 and base
composition data indicate them to have an average (G-^C) content
of approximately 54^® Since during the maturation of 45s r-
pre-RNA to the 28s and 18s RNAs of the cytoplasmic ribosomes,
(GfC) rich, unmethylated non ribosomal sequences, ranging in
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size from 0.5 x 10 to 1.0 x 10 daltons are lost and probably 
degraded (Weinberg & Penman, 1970), there exists the possibility 
that the low molecular weight RNA species of BHK-21 cytoplasm 
(referred to as species 1-10 in Fig III.1 (a)) are derived as 
the degradation products of these non-ribosomal sequences from
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the 45s r-pre-RNA. However, when 45s r-pre-RNÂ synthesis is 
inhibited by low levels of actinomycin D (see Fig III.7) these 
low molecular weight RNA species continue to be synthesised, 
thus indicating that they cannot be the degradation products 
of either rRNA, or the non-ribosomal sequences contained within 
this precursG^r molecule. When rRNA synthesis in BHK-21 cells 
is inhibited, by these low levels of e.ctinomycin D, 28s and 
18s rRNA synthesis is completely inhibited but there is persisten 
synthesis of 5s RNA molecules thus indicating that in BHK-21 
cells, as in Hela, L929 and Krebs II cells (Darnell, 1968,
Perry & Kelley, 1968, Burdon et al, 1967), 5s RNA is not 
derived from the same precursor molecule as the high molecular 
weight rRNAs and appears to be synthesised in an extranucleolar 
site. It is also evident therefore that the rate of 5s RNA 
synthesis in mammalian cells is independent of the rate of 
synthesis of 28s and IBs RNA, in contrast to the situation in 
amphibians (Brown & Dawid, 1968). Although it has been 
suggested (Brown & Dawid, 1968) that, in Xenopus embryos, 5s 
RNA genes are coordinately expressed with those for 28s and 
18s RNA, BHK-21 cells they are evidently located in separate 
compartments of the nucleus and are not under any linked 
control mechanism with the genes for the high molecular weight 
ribosomal RNAs. The base compositions of low molecular weight 
cytoplasmic RNA components (see Table III.2) also argue against
the ribosomal origin of these RNA species and indicate that no 
apparent relationship exists between them, an observation which 
is supported by the results pulse labelling experiments.
However, like the small molecular weight RNAs of the nucleus, 
the cytoplasmic components are rich in (GfC), but since they 
are devoid of methylated nucleotides and are approximately the 
same size as the nuclear low molecular weight RNA species, they 
are unlikely to be derived from them or related to them. Their 
presence in the nuclear RNA fraction cannot however be excluded 
for their detection in this fraction is made difficult .by^the 
comigrating methylated speciescdf the nuclemso
(2) Intracellular location and origin of low molecular weight 
RNA species.
Although they do not appear to be ribosomal.in origin, the low 
molecular weight RNA components the cytoplasm do appear to be 
associated with the ribosomes, for intracellular location studies 
have revealed that, with the exception of tRNA, they are located 
principally on the microsomes, as originally found in Krebs II 
cells (Burdon & Clason, 1969) and appear in fact to be 
associated with the polyribosomes. Methyl deficient RNA species 
of similar size to the polyribosome associated low molecular 
weight RNAs of BHK-21 cytoplasm, but with a (G*^ *C) content of 
approximately 445^ , have been reported in Hela cells by Attardi 
& Attardi (1967,1968,1969)  ^ In Hela cells however these
215*
membrane associated RNA molecules hybridise efficiently with 
mit-DNA and are therefore presumed to represent a possible 
mitochondrial messenger RNA species.specified by mit-DNA. That 
the low molecular weight RNA species associated with the membrane 
fractions of BHK-21 cells are not of mitochondrial origin is 
however suggested by the fact that their synthesis is insensitive 
to inhibition by the drug ethidium bromide, which is reported to 
specifically inhibit mit-RNA synthesis (Zylber et al, 1969,Knight, 
1969)c These low molecular weight polyribosome associated RNA 
components of BHK-21 cytoplasm are therfore not apparently 
related to the mit-DNA specified membrane RNAs of Hela cells 
reported by Attardi & Attardi (1967,1968,1969)* Bow concent­
rations of actinomycin D have been used in determining the 
nucleolar origin of ribosomal RNA molecules, for these low levels 
are known to inhibit specifically the RNA synthesis of the 
nucleolus as judged from s.utoradiography and subcellular 
fractionation,and to leave uninhibited extranucleolar RNA synthesis 
When low levels of the drug were used in cultures of BHK-21 cells 
and the RNA from drug treated cultures examined by polyacrylamide 
gel electrophoresis, it was apparent that the bulk of the low 
molecular weight polyribosome associated RNA species were,at 
least on the above basis, the probable products of cistrons not 
located in the nucleolus. However some of the RNA species, 
namely species (10) to (15), were sensitive to the drug and
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therfore maybe synthesiséd in the nucleolus. The significance 
of the nucleolar and nucleoplasmic origins of these polyribosome 
associated low molecular weight RNA components is at present 
obscure and presumably reflects the different functions possibly 
performed by the two classes of RNA molecules. In addition, 
since a number of these low molecular weight RNA species continue 
to be synthesised and to appear in the cytoplasm under conditions 
when nucleolar synthesis of RNA is inhibited by actinomycin D, 
it is apparent that their transport to the cytoplasm is by a 
mechanism which is independent of continuing nucleolar RNA 
synthesis. As a result of elegant experiments In which nucleolar 
activity (as judged by autoradiography) was inactivated by UoV, 
microbeam irradiation, Siddebottom & Harris (1969) have suggested 
that, in Hela cells, inactivation of the nucleolus alone inhibited 
the transport to the cytoplasm, not only of RNA synthesised at 
the nucleolar site but also of RNA made elsewhere in the nucleus. 
Since the polyribosome associated RNAs of BHK-21 cells continue 
to appear in the cytoplasm in the absence of nucleolar RNA 
synthetic activity, then either this system does not operate in 
BHK-21 cells or the low molecular weight cytoplasmic RNAs do not 
comprise part of the RNA fraction whose transport to the 
cytoplasm is, in Hela cells, governed by the synthetic activity 
of... the nucleolus.;
( 5 ) S tab! lit y of loiv molecular weight RNA species »
Experiments employing levels of actinomycin D sufficient to 
suppress totally the incorporation of isotopically labelled 
precursors into RNA molecules have suggested that these low 
molecular weight RNA species of the cytoplasm have, in BHK-21 
cells, a life span of some 24 to 30 hours. This is an additional 
feature which serves to difFbrenlibUe these RNA species both from 
the membrane associated RNAs of Hela cells (Attardi & Attardi, 
1969) which have short half-lives and from the small RNAs of 
the nucleus which are metabolically as stable as ribosomes 
(Weinberg & Penman,I969). In order to compare the metabolic 
stability of these low molecular weight cytoplasmic RNA species 
of BHK-21 cells with that of the ribosomes of these cells, 
experiments were performed to measure the stability of the . ■ 
ribosomes in BHK-21 cells* Such studies employing ) "^H-methyl] 
-methionins as the labelled precursor indicate the ribosomes of 
BHK-21 cells to have a half-life of approximately 142 hours as 
Judged by the stability of the incorporated methyl groups.
Since the low molecular weight polyribosome associated RNAs of 
the cytoplasm are devoid of methylated nucleosides, methyl- 
labelled methionine was an unsuitable precursor molecule to 
investigate the stability of these RNA species and [^H]-uridine 
was therefore employed. These experiments suggested that the 
total life span of the low molecular weight RNA components was
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of the order of 24 to 30 hours. In agreement withuthe findings 
of Harris (I963) it was observed that it was extremely difficult 
to quickly dilute the radioactivity in the nucleotide precursor 
pools of mammalian cells and the data from this experiment 
further suggested that there was considerable loss of radio­
activity from ribosomal RNA species during the period of the 
chase. This therefore implied that, in contrast to the 
results obtained for''the stability of ribosomal RNA species 
when 1^%-methyljr.methionine was employed as the labelled prec­
ursor, considerable turnover of rRNA was occurring and therefore 
suggests a further complication,ie. the existence of two classes 
of ribosomal RNA. One class of ribosomal RNA which is methylated 
and is relatively stable and a second class of unmethylated rRNA 
which is far less stable. This apparent heterogeneity of 
ribosomal RNA populations is supported by the work of Higashi 
et (1971) who report that the distributions of oligonucleo­
tides in digests of rRNA from adult and embryonic rat tissues 
differ and suggest that.rat tissues contain at least two species 
of ribosomal RNA. The possibility therefore arises that the 
low molecular weight RNA species of.BHK-21 cytoplasm are derived 
from the degradation of these unmethylated unstable ribosomal 
components whose existence was inferred by the investigations 
of ribosomal RNA stability. However, since as previously stated 
these low molecular weight cytoplasmic RNA species are persistentl
synthesised when all ribosomal synthesis is inhibited by low 
levels of actinomycin D, they cannot be derived from the degr­
adation of either the methylated or unmethylated classes of 
.rRNA.
(4) Polyribosome association.
Intracellular location studies (see Fig.III.6) of the low 
molecular weight RNA species of BHK-21 cells indicate that these 
low molecular weight RNA species are located on the microsomes 
and are associated with the polyribosomes. Since they are 
unmethylated and have a total life span of 24 to 30 hours, they 
may, in BHK-21 cells, represent the stable mRNA fraction reported 
in 3Tj cells to be stable for periods greater than 6 hours 
(Cheevers & Sheinin, 1969) and reported in rat liver polysomes 
to possess half-lives of at least 80 hours (Wilson & Hoagiand, 
1967)* The difference in the lifetimes of rat liver and BHK-21 
polyribosome associated species can readily be explained by the 
differentiated state of the adult liver oell and the fact that 
BHK-21 cells are much more metabolically active than the adult 
liver cell and consequently would be expected to contain mRNA 
species possessing shorter half lives than those of the liver 
cell. Although the molecular weights of the cytoplasmic low 
molecular weight RNA species range from less than 36,000 to 
110,000 daltons and lie in the 0.5 to 1.5 % 10^ daltons range 
expected for mammalian mRNAs, they possess a base composition
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rich in (GfC). However,like the mRNA of bacterial cells 
these RNA species in BHK-21 cells are released from the 
polyribosomes by EDTA treatment (Gros ^1,1961). The 
released material sediments in sucrose gradients with sédimen­
tation coefficients of approximately 6 -353 and behaves as free 
RNA in GsCl gradient centrifugation in that the released material
does not form a discrete sedimenting bazid within the density 
/ 3 / 3range 1.3g/cm to l*5g/cm-, A number of workers have reported 
that, upon EDTA treatment of mammalian polyribosomes, the mRNA 
is released in the form of ribonucleoproteins sedimenting in 
GsCl with density distributions between 1.3 and 1*5g/
(Henshaw, 1968, Lee & Brawerman, 1970, Spohr ^  ed, 1970,
Cartouzou et 1969) and have equated these with the 
"informosomes"partides reported in loach embryos by Spirin 
(1969) and suggested to represent the "not immediately translat­
able" mRNA species observed during certain periods of early e 
embryogenesis. In the light of recent reports however some 
reservations must be made in interpretating such ribonucleoprotei: 
pa.rticles as either these masked forms of mRNA or the state in 
which mRNA is apparently transported from the nucleus to the 
cytoplasm in eukaryotic cells. Ghen, Schultz & Katchalski 
(1971) report that the ribonucleoprotein particles which are 
synthesised during early embryogenesis in wheat,and which 
sediment in the "informosome region" of CsCl gradients are not
oof this nature but represent a series of ribonucleoprotein
particles with buoyant densities ranging from 1*42 to l,54g/cni'
and which appear to be intermediates in ribosome biosynthesis*
These particles have been shown to contain labelled ribosomal
RNA which matures in particles through this range of buoyant
density before finally entering ribosomes sedimenting with a
buoyant density of l«565g/cm . . These results therefore indicate
clearly that "informosomes" in one species and precursor ribosomeg
in another may happen by chance to be characterised by the same
buoyant density, and interpretation, upon the basis of data from
GsCl density gradient centrifugation alone, of the nature of
presumed ribonucleoprotein particles may be hazardous. In
addition, if mRNA in polyribosomes is in the form of ribonucleo-
proteins, as is suggested by Henshaw (1968), then this is not
apparently the case for all polyribosome associated RNA species
which have been presumed to represent messenger RNA, for Lee &
Brawerman (1971) have reported that, although the bulk of the
m t e r i a l  released from rat liver polyribosomes by EDTA treatment
is in the form of ribonucleoproteins, a distinct portion exists
apparently as free RNA strands. Furthermore Bloebel (1971)
has reported that, if puromycin is used as the subunit
*
dissociating reagent rather than EDTA, the material released 
from erythrocyte polyribosomes and possessing the characteristics 
of globin mRNA is in the form of free RNA strands since its
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sedimentation behaviour in sucrose gradients is unaffected by 
subsequent treatment with sodium dodecyl sulphate. In addition 
the possibility that these polyribosome associates,found after 
EDTA treatment of polyribosomes,may be artifacts of the isolation 
procedure, is suggested by the work of Olsnes (1970) who reports 
that, dependent upon the method of preparation, polyribosomes 
from mammalian cells may be contaminated to a considerable 
extent with rapidly labelled d-RNA containing particles leaked 
out from the nuclei during homogenisation* Olsnes has further 
shown that this contaminating material cosediments wi th the : 
polyribosomes in sucrose gradients and in CsCl gradients 
occupies regions of buoyant density similar to the "informosomes" 
or nuclear ribonucleoprotein particles containing RNA of DNA-like 
base compos!tion. Therefore the fact that the low molecular
weight polyribosome associated RNA species of BHK-21 cells are 
released from the polyribosomes, subsequent to EDTA treatment, 
in the form of free RNA strands rather than as ribonucleo- 
proteins,is not sufficient evidence to indicate that these RNA 
components do not represent mRNA species. However, they are 
not transported to the cytoplasm via the newly synthesised 
ribosomal subunits as was originally proposed, for the mechanism 
of transport of mRNA species from nucleus to cytoplasm by 
McConkey & Hopkins (1965)* Indeed these low molecular weight 
RNA species can be found in the cytoplasm of these cells in as
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short a time as two to three minutes after the initiation of the 
làbelliiig period (Burdon & Clason, 1969), in contrast to the 
40 min lapse before labelled ribosomal subunits appear in the 
cytoplasm. Latham & Darnell (1965) have indicated that, in 
Hela cells, mRNA continues to enter the cytoplasm of cells 
treated with puromycin, although newly synthesised ribosomes 
do not and postulate that this transfer is mediated via existing 
ribosomal particles or by the attachment of mRNA to existing 
ribosomes at the nuclear envelope. In puromycin treated BHK-21 
cells however the low molecular v/eight polyribosome associated 
RNA species do not appear in the cytoplasm nor does any 
cytoplasmic RNA species. This therefore suggests that, in 
BHK-21 cells, either no RNA is synthesised subsequent to 
puromycin treatment or that the newly synthesised RNA does not 
leave the nucleus, as was found for rRNA in puromycin treated 
Hela cells (Soiero, Vaughan & Darnell, 1968)» Recently Penman, 
Rosbash & Penman (1970) he.ve found that unlike the HnRNA of Hela 
cells, the mRNA synthesis in these cells is sensitive to the 
3*deoxyadenosine' analogue, cordycepin. This drug is reported 
to be incorporated into the growing chains of RNA molecules and, 
since it lacks the 3' hydroxyl group, to Q^use premature 
termination of RNA synthesis . Although in Hela cells this 
drug apparently acts specifically upon mRNA synthesis , in 
BHK-21 cells it apparently caused a total inhibition of the
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appearance of labelled RNA species in the cytoplasm. Taken 
together these various observations tend to suggest that the 
low molecular weight polyribosome associated RNA components of 
BHK-21 cells do not represent mRNA species although they possess 
certain features, of rapidity of labelling, polyribosome assoc­
iation and release from polyribosomes by EDTA treatment, which 
are characteristics of molecules proposed to represent mRNA 
(Darnell, 1968)0 However since the experiments investigating 
polyribosome association and EDTA release were performed in cell 
cultures treated with low doses of actinomycin D, which are . 
reported to be specific for nucleolar synthesis, it might be 
argued that such treatment could impair the synthesis of the 
ribonucleoproteiriB reported by other workers to represent mRNA 
species and which were apparently absent from the polyribosomes 
of BHK-21 cells. This is however unlikely since such ribo- 
nucleoproteins were found to be associated with the polyribosomes 
of actinomycin D treated Hela cells and to be released in this 
form subsequent to EDTA treatment of the polyribosomes (Spohr 
et al,1970). It has however been suggested earlier in this 
discussion that ribonucleoprotein forms of DMA-like RNA, 
purported to be mRNA, might be artifacts of the polyribosome 
isolation procedure (Olsnes, 1970) and that in many instances 
well characterised mRNA species are released from polyribosomes 
as free RNA strands (Bloebel, 1970)* It may be, therefore,
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that the material sedimenting to the bottom of the gradient 
when the EDTA-released RNA fraction of BHK-21 cell .polyribosomes 
is examined by CsCl gradient centrifugation,contains not only 
the low molecular weight RNA species referred to as species 
(l) to (lO) but also the mRNA species which in these cells 
appear to occur as free RNA strands. If however there is an 
absence,in these experiments, of mRNA species then this may,in 
part5be accounted for by the fact that, as observed in Hela cells 
impairment of the synthetic activity of the nucleolus, in this 
case by actinomycin D, interferes with the transport of certain 
classes of RNA from the nucleus to the cytoplasm (Siddebottom & 
Harris, 1969) and it is possiblé that mRNA species, under these 
conditions, may be trapped within the nucleus due to the 
impairment .of nucleolar synthetic activity, whilst the low l. ■ 
molecular weight polyribosome-associated RNA species are not. 
Recent investigations of mRNA in mammalian cells have indicated 
that these RNA molecules contain an almost monodisperse form of 
polyadenylic acid associated with them (Lim & Canellakis, 1970, 
Lee, Mendecki & Brawerman,1971, Edmonds, Vaughan & Nakazato,
1971) c This poly A core is approximately 80 - 150 nucleotides 
in length and lends to the mRNA, a tendency, dependent on the 
pH and salt conditions, to enter the wrong phase during phenol 
extraction. This poly A core will therefore tend to give mRNA 
a high (A-vU) content and therefore since the polyribosome
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associated low molecular weight RNA components in BHK-21 cells 
have been shown to contain approximately 54^ (G+C), this feature 
clearly distinguishes them from such mRNA molecules. However 
the unusual behaviour of poly A containing mRNA species with 
regard to their distribution in the variops phases during phenol 
extraction may explain the apparent absence of these species in 
the polyribosome experiments in BHK-21 cells»
(5) The cell grow th _cjyc 10 and inhibitor studies.
The synthesis of the polyribosome associated low molecular weight 
RNA species does not appear to be coordinated with the synthesis 
of the DNA during the S phase of the cell growth cycle and these 
RNA species appear to be synthesised throughout the S and G^ 
phases. The rate of synthesis of these molecules is hov/ever 
not constant but appears to increase continuously through the 
S and G^ phases of the cell cycle. This is in accordance with 
the observations of RNA synthesis during the cell cycle in a 
number of cell types of higher organisms (Prescott & Bender,
1962, Monesi & Grippa, 1965, Scharff & Robbins, 1965) but Enger 
and Tobey (1969) have reported elevated rates of RNA synthesis 
only during the G^ phase of thecell growth cycle in Chinese 
hamster cells. The times of synthesis of the low molecular 
weight RNAs of the cytoplasm are therefore in contrast to the 
situation found in Hela cells for the microsomal associated 
histone mRNA molecules (Gsllwitz & Mueller,1969» Borun, Scharff
Cr* ^
& Robbins, 1967) for this RNA component is found on the micro­
somes only during the S phase of the cell cycle. It was not 
detected in synchronised populations of BHK-21 cells possibly 
due to the presence of the other low molecular weight polysome- 
associated RNA components. Although the synthesis of the 
polyribosome associated low molecular weight RNA species of 
BHK-21 cells appears to proceed continuously throughout the S 
and Gg phase but to increase in rate through these phases of 
the cell cycle, a complicating factor which has not been taken 
into account in these experiments, is the possibility of a change 
in the size of the RNA precursor pools during the cell cycle, for 
this would affect the intracellular specific activity and thereby 
the apparent rate o f .incorporation of isotopically labelled RNA 
precursorso. Such reservations upon the apparent increase in 
the rate of synthesis of these RNA species during these periods 
of the cell cycle must therefore be made*
Recently Niessing & Sekeris (1970)have indicated the 
specific cleavage of DNA-like RNAs, within the 80s precursor 
particles of the nucleus, to a size comparable with that of 
mRNA extracted from the cytoplasmic polyribosomes. In addition 
cleavage of the 45s r-prë-RNA molecule to the mature 28s and 
18s RNA components of the cytoplasmic ribosomes has been shown 
to occur in a wide variety of mammalian and eukaryotic cells 
(Maden,1970)c Pace, Peterson & Pace (1970) have suggested that
in prokaryotic cells much of the stable RNA arises as a result 
of post-transcriptional modifications of original gene 
transcription products. The results of experiments employing 
the adenosine analogue,toyocamycin, suggest that,in accordance 
with the results of kinetics of labelling experiments, the 
polyribosome associated RNA molecules of BHK-21 cells also might 
arise as the result of the specific cleavage of some larger 
precursor inolecule(s). This drug,as is reported by Tavitian 
et al,(1968) inhibits the synthesis of 28s and 18s ribosomal 
RNAs in ammalian cells. The relatively poor response of tRNA 
synthesis to inhibition by the drug may possibly be explained 
by the fact that tRNA molecules are derived from precursor 
RNA molecules whose "extra" sequences are almost devoid of 
adenosine residues. (SmilLlie:Burdop, 1970).
Experiments utilising low doses of actinomycin D had . . 
suggested the nucleoplasmic location of cistrons corresponding 
to most of the polyribosome associated low molecular weight RNA 
species of BHK cytoplasm. SinceCA-amanitin, the toxic component 
of the toadstool, amanita phalloides, had been shown to inhibit 
iü vitro the polymerisation of ribonucleotide monophosphates 
by the extranucleolar enzyme of mammalian cells whereas it did 
not inhibit the nucleolar enzyme under these conditions 
(Jacob, Sajdel & Munro,1970), its effects upon the synthesis of 
the low molecular weight RNA components of BHK-21 cytoplasm
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were investigated. The action of bC-^ainanitin on RNA synthesis 
in vivo differs from its action in vitro. In vivo not only 
does 0(,-amanitin inhibit the synthesis of RNA components known
t
to be synthesised in the nucleoplasm (mRNA, tRNA and 5s RNA) 
but it apparently also inhibits the synthesis.of rRNA components 
established to be of nucleolar origin. This suggests that in 
intact cells the function of the nucleolar polymerase responsible 
for the synthesis of rRNA components is regulated by some 
extranucleolar factor sensitive to 5(-amanitin. It is possible 
that K-amanitin prevents the synthesis of some species of RNA 
in the extranucleolar compartment which exerts a direct 
regulatory influence over ribosomal RNA formation or it may 
prevent the synthesis of some nucleoplasmic mRNA molecule vdiich 
codes for a regulatory protein or indeed for the nucleolar 
polymerase itself. It is also possible that, jjq vijm, the toxin 
is metabolised to some product which does not possess the 
specificity of the native toxin towards the extranucleolar enzyme 
but instead interacts efficiently with both types of polymerase 
molecule. fX-Amanitin apparently exerts its effects by binding 
directly to the RNA polymerase molecule (Jacob et 1970, 
Novello,Stirpe & Fiume,1970) and has no direct effect upon 
protein synthesis (Fiume Stirpe, 1966)» It is therefore ; 
unlikely that 0<™ama.nitin inhibits the cytoplasmic synthesis of 
of nucleolar polymerase molecules. It is therefore apparent
that not 'only does nucleolar synthesis regulate the transport 
of RNA from the nucleus to the cytoplasm (Siddebottom & Harris, 
1969), but that nucleolar synthesis is itself apparently 
regulated by the products of nucleoplasmic genes. Similar 
findings of an influence of nucleoplasm over nucleolar function 
has been reported in rat liver by Jacob, Mueeke, Sajdel & Munro
(1970),
Conclusions*
Although no définite conclusions as to the precise function of
these low molecular weight RNA components of BHK-21 cells can
be drawn from the data obtained in this study, it is apparent
that there exists a class of unmethylated low molecular weight
RNA molecules associated with the polyribosomes of mammalian
cells and which are not representative of mRNA. In addition
they do not appear to be related in any way with the synthesis
of the DNA and do not appear to possess amiino acid acceptance
( Hens, A '6, «Clason, (06%. Un'» v,
activity (as judged from amino acid labelling studies)/. One
can at present only speculate upon the function of these low 
molecular weight RNA molecules but it is possible that they ms.y 
represent adaptor or regulator molecules in the process of 
protein synthesis.
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SUMi:AHY
The increesed résolution of kimA species afforded by poly­
acrylamide gel electrophoresis of extracts of eukaryotic 
cells has enabled the ideitification of a number of low 
molecul r- r v; e i r 'e t HP A comporie n t s o Th e a i m of this o r k 
was to i n v e s t i r a the identity and molecular characteristics 
of these various low molecular weight RMA species in the 
nuclei and cytoplasm of normal, malignant and virus 
"transformed" animal cells, to examine, if nossible, their 
role within the cell and to define- the molecular processes 
invol.ved in their biogenesis» 
t A j ]j o ÎÏ1 o 1 ecu 1 a r weight HP Ar. of i)ie )iuc 1 eus
li.) Poly a. c r y 1 a m i d c ^ g e 1 e 1C5 ctro p h o r c s i s of extract s o f i s o 1 a t e d 
mammalian nuclei indicato the existence of approximately Id- 
distinct low molecular weight RKA species with a. size range 
of 80 to '050 nucleotides in length.
(?) Kinetics of labelling experiments indicate that these 
RNA species are stable and are presf-nt in the cell in low 
amount.s for they are labelled only slowly w^ith RNA precursors 
such as uridine or It]-orthophosphsto,
(3) Calculations based upon optical density tracings and
estimai:cd ;no 1 ecu 1 ar weig'nts si;ggest thcm each to be prr:r.ent
r;
to the extent of a oproxi;na tely 10 molecules per cell.
H O  Many of these RNA molecules arc methylated either in their
ba se  o r  s u g a r  m o i e t i e s  and t h e y  a re  d i s t r i b u t e d  b e tw e e n  t h e  
n u c l  F o 1 r  r  and nuc  1 r-o p 1 as;r. 1 c f  ra  c t  i o n s  o f  t h  o n u c lo u s  »
( 5 )  A n a l y s i s  o f  t h e i r  p a t t e r n s  oC s y n t h e s i s  i n  s y n c h r o n i s e d  
c e l l  p o p u l a t i o n s  i n d i c a t e  t h a t  t h e y  d i s p l a y  two d i s t i n c t  
p a t t e r n s  o f  s y n t h e s i s ,  f o r  some a o p e a r  t o  bo s y n t h e s i s e d  o n l y  
a t ,  o r  j u s t  a f t e r ,  t h e  t im e  o f  naximum f t !A  s y n t h e s i s  d u r i n g  t h e  
3 phase  o f  t h e  c e l l  c y c l e  w h i l s t  o t h e r s  a p p e a r  t o  be s y n t h e s i s e d  
c o n t i n u a l l y .
( 6 )  A o o m n r r i s o n  o f  t h e  n r o n e r t i e s  o f  t h e s e  RMA s p e c i e s  w i t h  
th o s e  o f  uhe lo w  m o l e c u l a r  w e i g h t  RMA oornoononts  o f  th e  
c y t o p la s m  i n d i c a t e  t h a t ‘ t h e y  a r e  a p p a r e n t l y  c o n f i n e d  t o  th e  
n u c l e u s  and b e a r  no o b v i o u s  r e l a t i o n s h i o  t o  t h e s e  c y t o o l a s m i c  
RNA s n o c i e s .
l b )  l o w  mol o c u l a r  w e i g h t  JIM As o f  t h e  c y t o p la s . n  
11 j E l e c t r o p h o r e s i s  o f  c y t o p l a s m i c  p r e p a r a t i o n s  f r o m  mammalian 
t i s s u e  c u l t u r e  c e l l  l i n e s  i n d i c a . t e  t h e  e x i s t e n c e  o f  a p p r o x i m a t e l y  
13 lo w  m o l e c u l a r  w e i g h t  PiNA com p o n e n ts  r a n g i n g  i n  s i z e  f r o m  
30 t o  350 n u c l e o t i d e s  i n  l e n g t h .  The b u l k  o f  t h e s e  RNA 
co.aporuo'! to j . 'ossoss e 1 o c t r o p h o r e t i c  m o b i l i t i e s  l o w e r  t h a n  t h a t  
o f  t h e  5s RNA com p on en t  o f  t h e  c y t o p l a s m i c  r i b o s o m e s .
( ? )  K i n e t i c s  o f  l a b e l l i n g  e x p e r i m e n t s  i n d i c a t e  t h a t  t h e y  a r e  
s y n t h e s i s e d  f a i r l y  r a p i d l y  i n  a l i n e a r  f a s h i o n  and show no 
p r e c u r s o r - p r o d u c t  r e l a t i o n s h i p  one t o  a n o t h e r .
( 3 )  Such k i n e t i c  s t u d i e s  a l s o  i n d i c a t e  t h a t  t h e s e  RNA s p e c i e s
a r c  f a i r l y  s t a b l e ,  o b s e r v a t i o n s  w h ic h  a r e  c o n f i r m e d  by th e  
r e s u l t s  o f  p u l s e - cha se  e x p e r i m e n t s  e m p lo y in g  l e v e l s  o f  
a c t i n o n y c i n  D s u f f i c i e n t  t o  i n h i b i t  a l l  f u r t h e r  RNA s y n t h e s i s  »
( 4 )  I n v e s t i g a t i o n s  o f  t h e  m e t a b o l i c  s t a b i l i t y  o f  t h e s e  RNA 
co m p on en ts  i n d i c a t e  them t o  p o s s e s s  t o t a l  l i f e  spans  o f  
a p p r o x i m a t e l y  24 to  30 h o u r s ,  t o  be l o s s  s t a b l e  th a n  tRNA o r  
t h e  RNA o f  t-he c y t o p l a s m i c  r i b o s o m e s .
( 5 )  M é t h y l a t i o n  s t u d i e s  i n  BHK-21/C13 and 3R8/V1 c o l l s ,  
u t i l i s i n g  b o t h  l o n g  and s h o r t  e x p o s u re s  t o  m e th y 1 - i a b o 1 1 ed 
m e t h i o n i n e , have i n d i c a t e d  t h a t  m o s t , i f  n o t  a l l ,  o f  t h e s e  
s p e c ie s  o f  RNA a r e  d e v o id  o f  m e t h y l a t e d  n u c l e o t i d e s  and t h a t  
t h e  0 n 1 y m e thy 1 a t e d  RNA s p c i e s  p r e s o n t  i r i  t h e  c y t o p .1 a 3m ic  
e x t r a c t s  i s  tRNA w i t h  t h e  p o s s i b i l i t y  o f  a m in o r  RNA s p e c ie s  
m 1 g r a t i n g  i n  p o s t t i o n s .  i n t e r i n o d i n  t o  b e tw e o n  5 s RNA and tRNA•
( 6 )  S t u d i o s  o f  t h e  i n t r a c e l l u l a . r  l o c a t i o n  o f  t h e s e  RNA s p e c ie s  
by  th e  use  o f  c e l l  f r a c t i o n a t i o n  t e c h n i q u e s  have  i n d i c a t e d
t  ha t  t h e y  a ï ’ c--; a.b s e n t  f r o  rn t h e  c e l  1 s a p , a r  e n o t  as so c i  a t  ed w i  t  h 
t h e  m i t j c h o n d r i a l  f r a c t i o n  b u t  a r c  fo u n d  i n  t h e  m ic r o s o m a l  
f r a c t i o n  and a p p e a r  i n  f a c t  t o  be a i s s o c ia t c d  w i t h  th e  o o l y s o m c s . 
f u r t h e r m o r e  t h e  o n l y  lo w  m o l e c u l a r  w e i g h t  RNA s p e c ie s  p r e s e n t  
i n  t h e  c e l l  sap i s  a p o a r e n t l y  tRNA and m in o r  a iaoun ts  o f  RNA.
( 7 )  L i k e  t h e  mRNA s p e c i e s  o f  b a . c t o r i a l  c e l l s  th e se  low  
m o l e c u l a r  w e i g h t  RNA co m p on en ts  a re  r e l e a s e d  f ro .a  th e  p o l y r i b o s o m e  
s u b s e q u e n t  t o  t r c a t a i e n  t  w i  t h  ED TA and a . ï a l y s i s  i n  GsCl g r a d i e n t ' s
f- ^ c. e
a f t e r  f i x a t i o n  i n  f o r m a ld e h y c lo  have r e v e a l e d  ho w e ve r  t h a t  
t h  C'y a r e  r e l e a s e d  i n  th e  f o n a  o f  f r e e  RNA s t r a n d s  r a t h e r  
t h a n  as r i b o n u c l e o p r o t e i n  a s s o c i a t e s .
( 8 )  E x p e r i r a c n t s  i n  13HK-2 1 / C13 and th e  t r a n s f o r m e d  c e l l  1 i n e s  
( 3 RS /  V1 an d P y Y ) u s i  n g o t  h i  d i  ura b r  o m i  d e ( w h i  c h s p e c i f i c a l l y  
i n h i b i t s  m i t o c h o n d r i a l  RNA s y n t h e s i s )  hove i n d i c a . t e d  t h a r  
t h e s e  RNA co m p o n e n ts  a re  n o t  o f  .ni t o  ch end r i  a l  o r i g i n  s i n c e  t l i e y  
a r e  s y n t h e s i s e d  i n  t h e  p r e s e n c e  o f  l e v e l s  o f  t h e  d r u g  s u f f i c i e n t  
t o  t o t a l l y  i n h i b i t  m i t o c h o n d r i a l  RNA s y n t h e s i s .  f u r t h e r  t h i s  
d r u g  does  n o t  i n h i b i t  t h e  s y n t h e s i s  o f  " p r o - t R N A "  i n  n i l K - R l / C l p  
o r  SR8/V1 c e l l s .
(9) Base c o m p o s i t i o n  a n a l y s i s  o f  t h e  p o l y r i b o s o m e  a s s o c i a t e d  
l o w  m o lc c  l a r  w e i g h t  RNA co m p o n e n ts  i n d i c a t e  them t o  p o s s e se 
h i g h  c o n t e n t s  o f  ( N f C ) ,  vrLth an a v e ra g e  v a l u e  o f  54/^*.
( 1 0 )  I n h i b i t o r  s t u d i o s  u s i n g  lo w  l e v e l s  o f  a c t i n o m y c i n  D s u g g e s t  
thorn to  be m a i n l y  o f  n u c l e o p l a s m i c  o r i g i n  v d i i l s t  e x p e r i m e n t s  
e m p lo y in g  p u r o m y c in  and c o r d y c e p i n  s u g g e s t  t h a t  t h e i r  f u n c t i o n  
i s  p r o b a b l y  n o t  t h a t  o f  mRNA. E x p e r im e n t s  u t i l i s i n g  r e l a t i v e l y  
l o w  c o n c e n t r a t i o n s . o f  t h e  a d e n o s in e  a n a l o g u e , t o y o c a m y c i n ,  r a i s e  
t h e  p o s s i b i l i t y  t h a t  t h e s e  lo w  m o l e c u l a r  w e i g h t  RNA oom oonen ts  
c o u l d  r e p r e s e n t  t h e  c le a v a g e  p r o d u c t s  o f  some l a r g e r  p r e c u r s o r  
m o l e c u l e ( s ) .
( 1 1 )  A n a l y s i s  o f  t h e  s y n t h e s i s  o f  t h e s e  lo w  m o l e c u l a r  w e i g h t  
c y t o p l a s m i c  RNAs i n  t h y m i d i n e  s y n c h r o n i s e d  p o p u l a t i o n s  o f
233-
BHK-21 c o l l s  has r e v e a l e d  t h a t  t h e y  a r e  n o t  s y n t h e s i s e d  
c o o r d i n a t e l y  w i t h  t h e  DNA i n  t h e  S phase o f  t h e  c e l l  c y c l e  
h u t  a r e  s y n t h e s i s e d  t h r o u g h o u t  S and G^ pha:-30S w i t h  a r a t e  
w h i c h  a p p a r e n t l y  i n c r e a s e :s  t h r o u g h  th e s e  p h a se s  o f  th e  c y c l e .
( 1 2 )  A d d i t i o n a  1 c x pe r i lacnts i n v e s t i ga t i ng t h o. e f f e c t s  o f  
t ( * ~ a m a n i t in  on RNA s y n t h e s i s  i n  BHK-21 c e l l s  i n d i c a t e  t h a t  th e  
i n  v i t r o  and i n  v i v o  e f f e c t s  o f  t h e  d r u g  a re  d i f f e r e n t  and 
s u g g e s t  t h a n  an e x t r a n u c l e o l a r  c o n t r o l  o f  n u c l e o l a r  f u n c t i o n  
e x i s t s  i n  mammalian c e l l s .
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by
Alexander E. Glaaon.
Bimmar.Y-.Qf a ._thesia_._njr.eaenlLüd^or  the .degree ..Qf__DQctQr
at .P.hiioaQphy at„t.h.s.JIniYÆr,.aity aUHaagQw, Auguat..?.I9.Il»
Until recently, RNA was considered to belong to one 
of three categories; transfer HNA(tRNA), riboèomal RNA 
or messenger RNA# In addition however, the development 
of more sophisticated analytical techniques ouch as poly­
acrylamide gel electrophoresis, coupled with the improved 
cell fractionation procedures, has enabled the detection 
of hitherto unrecognised low molecular weight RNA species 
in both the nuclear and cytoplasmic fractions of eukaryote 
cells.
The aim of this work was to investigate the identity and 
molecular characteristics Of these various low molecular 
weight RNA components in the nuclei and cytoplasm of 
normal, malignant and virus transformed animal cells and 
to define the molecular processes involved in theif 
biogenesis.
(a) L o w  Molecular Weight RNAs of the Nucleus. 
Polyacrylamide gel electrophoresis of extracts Of isolated
mammalian nuclei indicate the existence of approximately
fourteen distinct low molecular weight RNA species with
a size range of 80-550 nucleotides in length. These
RNA components are stable and appear each to be present
to the extent of approximately 10 molecules per cell.
Many of these RNA molecules are methylated either in the
base or ribose moeities and they are distributed between
the nucleolar and nucleoplasmic fractions of the nucleus. 
Analysis of their patterns of. synthesis in synchronised
cell populations indicate two distinct patterns of syn­
thesis, for some appear to be synthesised only at, or just 
after, the time of maximum DNA synthesis during the S phase 
of the cell cycle whilst others appear to be synthesised 
continually. In addition these low molecular weight 
methylated RNA components appear to be confined to the 
nucleus for no methylated RNA components of similar size 
and base composition can be found in the cytoplasm.
(’B) Low Molecular Weight RNAs of the Cytoplasm, 
Electrophoresis of cytoplasmic preparations from mammalian 
tissue culture cell lines reVefils the presence of approximate: 
thirteen low molecular weight RNA components with a size 
range of 80-550 nucleotides in length* The bulk of these 
RNA components possess lower electrophoretic mobilities than 
the 5s RNA component from the cytoplasmic ribosomes* Kinetic* 
of labelling studies indicate them to be synthesised in a
fairly linear fashion and to show no precursor-product 
relationship one to another. They appear to be fairly 
stable, being less metabolically stable than tRNA or the 
RNA of the cytoplasmic ribosomes, but possessing total 
life spans of the order of approximately 24-50 hours#
Unlike the low molecular weight RNA components of the 
nucleus they appear to be devoid of methylated nucleosides, 
the only methylated low molecular weight cytoplasmic RNA 
component being transfer RNA. Studies on the intra­
cellular location of these RNA spedies indicate that they 
are absent from the cell sap, are not associated with the 
mitochondrial fraction but are associated principally viifcb 
the microsomal fraction and appear in fact to be found on 
the polyribosomes# They are released from the poly­
ribosomes subsequent to EDTA treatment and appear to be
t
released in the form of free RNA strands rather than as 
ribonûcleoprotein associates. Nucleotide composition 
analysis indicates these RNA species to possess an average' 
(G+C) content of 54^ and experiments employing ethidium 
bromide,which specifically inhibits mitochondrial RNA 
synthesisjindicate that they are not deriyed from the 
transcription of mitochondrial DNA# Inhibitor studies 
using low levels of actinomyoin D suggest them.to be of 
nucleoplasmic origin whilst experiments employing puroaycin 
and cordycepin suggest that their function is not that of
mRNA* Exporiments utilising the adenosine analogue, 
toyocamycin, raise the possibility that they could represent' 
the cleavage products of some larger precursor molecule(s). 
Analysts^ of the synthesis of these low molecular weight 
RNA components of the cytoplasm in synchronised cell 
populations indicate that they are not synthesised coordin- 
ately with the DNA during the 3 phase of the cell cycle but 
are synthesised throughout the S and phases with a rate 
which apparently increases through these periods of the cell 
cycle* Additional experiments investigating the effects of 
the drug Ot-amanitin on RNA synthesis in mammalian cells 
indicate that the in vitro effects of the drug are different 
from the ^  vivo effects and suggest, that an extranucleolar 
control of nucleolar function exists in mammalian cells#
